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PREFACE TO FIRST EDITION 

The world has had its Stone age and its Bronze age *• later 
.ts Iron age, and the present is a Cellulose age. 

This is not said ad captandim : it is a statement which 
will survive critical examination. 

The volume now offered to students and the general public 
is based on studies ‘in the domain of cellulose, both theo- 
retical and scientific, and practical or industrial. 

It is not a monograph or a text-book of the subject : it 
does not pretend to be systematic or exhaustive. 

Technical literature in these days threatens to develop to 
formidable dimensions ; and systematic works on branches 
of technology necessarily carry a large weight of fact and 
information which is common groundwork. 

We have only given an outline of what appears essential 
its a cyclopaBdic framework. W§ are not addressing our- 
selves particularly to the specialist, nor to the technical 
student. Bather* to the general reader, and our aim is 
therefor! to give a general account of the evolution 
of the wood pulp industries, as typical of the age we live 
in» and as a very substantial contribution to its primary 
necessities. ^ ^ 

But if wooS pulp has hatl an interesting fast history, its 
future is suggestive of many more interesting possibilities 
of which we endeavour to give indications. 

From whallbver standpoint in fact the subject is trealed, 
it ^aljpng€|f attentibn. 
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The chemist, the iiianiifactiirGr, the political economist, 
and of course tlio financier will find tliat it teems with pro- 
blems the solution of which carries rewards of great moment. 

In an age when pessimists see little but competitive 
exlijuistion of sources of natural wealth, it is sntisfactorv to 
he able to present a domain still fall of unexplored possi- 
bilities. Such is the subject of “wood ])ulp ” or, more 
broadly, “cclliiloso,” and we trust this imperfect contribution 
wdl help to sustain and awaken the interest of readers and 
students. 

We have pleasure in acknowledging the valuable assistance 
of Mr. W. X. Jkicon 13.8c., k’.I.C., in conkibuting matter 
and revising proofs. 

We arc indebted to the lloyal Society for the privilege 
of reproducing illustrations from papers of the late W. J. 
Ihissell (p. 7d). To Messrs. Longmans, for permission to 
reproduce portions of “ Researches on Cellulose,” II. 

Tlie illustrations in Chapter I. are chiefly from original 
histological studies of Messrs. Platters, Milborne and 
McKecliiiie (Longsight, IManchester), whose excellent \Ku;k 
in this field is well kno\Arn, or should be, to all students of 
Lotany. • ^ 


NOTE TO SECOND EDITION • 

It is regretted that owing to the existing war conditions, 
the scarcity of paper, and the res^irictions upon the manu- 
facture of paper, it is iwipossib^e to give in this edition the 
specimejis which accompanied the second impression of the 
first edition. A table of characteristkis lakes its place. 
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CHAPTEK I 

TIIR STRUCTUKAL ELEMENTS OF WOOD 

There are no more interesting studies than those which 
group themselves under the term Ai)plied Sciences. It is 
quite true that science, or rather the sciences, may be 
pursued from a point of view which ignores the services 
which they render to man ; but whereas “ pure science ” 
is an ideal rather of the imaginative world, the natural 
prosecution of the sciences compels the recognition of their 
organic interdependence with human progress. 

Whichever aspect is the more attractive on general 
grounds, it is clear that the subject of this work is pro- 
minently typical of this interdependence; involves in a 
particular manner the utilitarian bearings of science, and 
our treatment of it must be accordingly utilitarian. 

Wood pulp is a comparatively modern product called into 
existence as a paper maker’s raw material. The woods 
which furnish tl^e product ii^its*vail0u3 forms have been 
impressed into the service of man frolic the earlieet, in 
fact from prehistory, .times, and have been used for 
their structural^ qualities in a large number of our mosit 
importp,nt industries. . The uses of the woods are* so 
w.p. 
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universally familiar that it would be superfluous to 
particularise them. 

We may, however, preface our specialisation to the par- 
ticular employment of certain woods as the basis of wood 
pulp, by calling attention to the physical and mechanical 
properties of a typical range of woods considered as 
structural materials. 

For the natural history of the woods as products of 
vegetable life and growth we turn, of course, in the first 
instance to the science of Botany. In the scientific treat- 
ment of plant life questions of utility — that is, the part 
which a plant or any of its parts, seed, flower, stem or root, 
may play in the service' of man — has no part. Moreover^ 
external features are of quite subordinate moment. 

Thus the cereals which furnish, perhaps, the most 
important staple of our food are to the botanist no more 
important than any other of the great family of the grasses. 
It is not without significance to the botanist that these 
particular grasses have come to be selected and specialised 
by cultivation through countless generations, so as to 
dilTerentiate them as economic products. But such con- 
siderations are relatively \inimportan(j, as not concerned 
in those elements of identity and characterisation which fix 
the position of an individual plant in the scheme of botanical 
science. 

So also in regard to external features such as size, form, 
and vegetatt^e habit.*' Tfie srgar cane or< bamboo are not 
obvioflsly related to the cereals, but to the botanist the 
relationship is of the closest. The"^ laburnum and the 
tfefoil have little in common as regardoi form and life 

hiflthrv. but thev urA hlnnd rAlfttinno. 
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The relationships are fixed by the more fundamental 
features of the reproductive mechanism; both the major 
and minor differentiations constituting the basis of the 
clsssifications of botanical science are those of the repro- 
ducdve system. These differences necessarily are corre- 
lated with those of the plant body, by which the second 
great function or group of functions is conditioned, 
viz., those of nutrition. As the reproductive meclianism 
becomes more complex, so the structural typo is differen- 
tiated towards com[)lexity. Viewing the plant world as an 
evolutionary series, reproduction by seeds is the last 
feature to make its appearance, and is preceded by those 
differentiations of the plant body which issues in what is 
known as a vascular system. 

Thus in the fern the structural features of the higher 
flowering and seed-bearing plants are recognised, and in a 
tree fern the differentiation into vascular tissue, leaves and 
stems, with the lower portion formed into a root system, 
are apparent. But the reproduction of the fern is on a 
much lower plane, and it bears no seeds. The tree fern is 
a kind of pseudo-morph of the true tree or forest tree, which 
is a spermatophyte «r seed-bearing plant. 

Of the four great groups of modern botanical classifica- 
tion the spermatophytes are much the most conspicuous 
and widely distributed. Moreover, they are so interwoven 
with our experience that their 8tud;^has often ranked as 
co-extensive witR botanical lienee to the exclusion of the 
other great groups. These are the alg8B,*the lichens*, and 
the fungi (Thallophytes), 'the mosses (Bryophytes), and ferns, 
horsetails, and club mosses (Pteridophytes)., The modern 
science regards these •groups as related in evolutionary 
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sequence. There are two aspects of this evolution. The 
one involves the theory of descent, the higher from 
the lower order, as an objective fact; on the other the 
development of the highest type can be followed through 
the lower by the study of the dominant or reproductive 
functions, which thus unfolds itself as a homogeneous con- 
ception of the relations of the infinitely diversified forms of 
plant life. 

We are not concerned with these fundamental generalisa- 
tions further than to indicate their connection with our 
subject. 

We sliall have to point out that from the point of view 
of “ wood pulp ” the trees which furnish these industrial 
products are of two sub-groups, and we have explained the 
basis of classification sufficiently to convey their relationship 
to the general reader in the terms employed by the 
botanist : — 

Spermatophytes 
(seed-bearing plants) 

Gymnosperms , Angiosperms 

(naked or exposed seeds) (enclosed seeds) 

Monocotyledons Dicotyledons 
(Conifera3) Bamboo Poplar 

Pine Spruce Sugar Cane. 

We have already kidicated^that our subject has only an 
incidental connection with these fundamental relaiions. 
The plant is a structure, an agglomerate of structural 
elements ; and its work as a plant is to grow, to build up 
tissue. The* assimilating organs of the higher flowering 
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plants are the leaves. The leaf is the centre of the funda- 
mental operation of building up “organic” compounds 



Fig. 1.— Transverse section of stem of Tradescantia 
showing epidermal tissue, parenchyma containing 
Btarcbf at the centre % va8Cular*^undle. ^ 

from the inorganic form of carbon, viz., carbonic anlfydride, 
contained in the air, 5nd of which gaseous mixture it is a 
normal constituent. This characteristic function of T;he 
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plant, tlic pliotosynthesis of carbon compounds and their 



Fig. 2. -Tiansverso soction of a yoiiTig stein of Finns 
SylvGhtri.s ((;oiiiiiioii jiiiic). Below, primary ground 
tissue followed by wood in development and in 
succession camb7urn fliist gnd cortex. Iii^tho centre 
is a ifiedullary ray. 

elaboration to tissue material, we must take for granted ; 
as Veil as the complementary function of the root system 





Fig. 2n. — Traiisvcrsf3 section of an oldor stem of Finns 
►Sylvistris (commo^ pftie) ‘•showin^^ developing 
branch, a more advanced wood system a*l external 
to the latter the cambium and phloem tissues. • 

• . 

We are concerned with the plant as a completed struc- 
tuL^e. The study of those functions and prooesses from wliicb 




Fia. 3. — LongitudiiiHl section vascular biiiidlo of /ea 
Mais showing spiral, annular, and pitteil vessels. 
Surrounding the bundle is the ground tissue or 
parenchyma. • ♦ ^ ,, 

1 ' 

known 'as vegetable physiology; and students who desire 
a more comprehensive survey of the subject-matter are 
referred to the special text-books. 
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Taking the plant as a structure, we find it an asseinblnge 
of units generally known as cells. The typical cell is a 



Fig. 4. — LoiigiUidinal section of stem of Gossypium SfP. 
(cotton plant) showing from left to right pith, spiral 
vessels, cuinbium, phloem, cortical tissue, and cuticle. 

^ • 

spherical body of small dimensions — 0*1 'and 0*5 mm. 
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iliamcter — and consisting of an enveloping wall enclosing 
the cell contents. 



Fid. i ). — TiJiiisvcrsp section of stem of J\fais (Indian 
corn). Yasciiliir bundles burroundecl by prjnmry ground 
tissue. Each bundle contains largo pitted and annular 
vessels with phloem and sclerenchynia. 

* * • 

Varjations^aiid differentiations of the typical form corre- 
spond with infinite diversity of fupetions and conditions. 
Typical forms of cellular tissue are represented in 
Figs. 1-2. • 
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More extreme variations lead to the structural forms 
classed as fibres and vessels. 

These are elongated cells, the length being a very large 
multiple of the diameter. In a general way “ fibi-es ” 
nwiy he regarded as the strengthening elements of plant 
struoiures, and are of relatively simple form. “ Vessels ” are 



• Jute. 

Fio. 5n. — S^ection of host rej^ioii showing wodgo-shapol 
buiKlles oxtonding from cambium to cortex. 


the seat of complex vital functions and operations involved 
in nutrition, .and are 'much njore diversified in form. 
Typical fibres anS vessels are^represented in Figs. 3 — 4. 

The arrangement of cells, fibres, and vessels in the stem 
of a plant is co-ordinated with those characteristics which 
determine its position in the evolutionary series. We may 
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briefly describe stems which are typical of the two main 
divisions of the highest group of flow^ering plants. 

.Fig. 5 represents a section of the stem of a mono- 
cotyledon. 

These structural types introduce the fundamental con- 
siderations involved in dillerentiatioii of tissues; giouncl 



Fig. 5c. — S ection of bast region showing structure of 
bundles and thickening of ultiuiate fibres. 

tissue, known as parenchyma, is made up of thin naked 
cells showing equality ip their dimensions, though occa- 
sionally elongated. The earliest differentiation of the 
ground tissue separates nutritive cplls from reproductive 
cells : in the building up of the plant body we are concerned 
with the former only, and their furtfier specialisation 
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is an adaptation to mechanical and physical exigencies 
rather than for vital purposes. The recpiirements to he 
met are (1) for the transportation of nutritive matter from 
the ^leaves where it is manufactured, as well as of water 
albsorbed by the roots. Hence the provision of con- 
ducting tissue — or mestome ; (2) the plant, to maintain 



Fig. 5d. — S ection of stem of l^inuTn showing groups of 
bast libros between wood and cortex. 


its form, requires mechanical support, and tissue is 
differentiated i^^to rigid structiiues known as stereome. 

These features are generally illustrated iiV the annexed 
figure, showing in section the stems of two dicotyledonous 
annuals, flax and jute, and of a monocotyledonous ann^ial 
Indium corn (Zea Mais). 
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They will be better understood after dealing with the 
more complex case of the perennial stem. The forma- 
tion of wood, i.c., massive wood, is a process which is con- 
cerned with the growth of trees, and although the perennial 
growth introduces no new structural elements, it do(^s 
present a certain development of plan or arrangetfient 



air cells producing buoyancy, and star-shajied idio- 
blasts, 

beyond that of the annual stem. At the outset we notice 
there is a contrast of the dicotyl (or conifer) stem with the 
monocotyl, aftd since the supply of wood pulp is at this 
date exclusively drawn from wood of the former types, we 
must set out their typical characteristics in some detail. 

The apex of a growing stem exhibits an active cond^ion 
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of cell division with a differentiation into definite regions, 
which becomes more marked as we proceed downwards. 
In the finally differentiated stem these are marked out as 
(a) epidermis, the external protective tissue ; (b) the central 
cylinder, or stele, and between them (c) the cortex. 
(Lyifinan them urn, Fig. 6.) 



Fig. 7. — Transverse longitudinal section of stem of Tilia 
Europcca (Lime Tree), showing bast fibres uiitl ground 
tissue. 


In the perenrpal stem the^ epidermis does not keep pace 
with the increasing diameter, and the cortex'^lbecon^ps the 
external protective ‘tissue known as cork, with its well- 
known impervious characteristics. The cortex is complex 
in structure. 
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It contains active clilorophyllic and assimilating tissue, 
and cells which have a storage function ; also well-marked 



Fig. 8 .— Tanj^ential longitudinal section through the wood 
elements of Tilia Europan!» (Lime tree). From, left to right 
a medull ry ray is seen in the'^ow of little cells, followed 
by typical wood fibres, spii’al and pitted vessels, and con- 
nective tissue. 

storage tissues known as collenchyma, or sheathing tissue, 
and sclerenchyma, or hard tissue. The latter is, iron? the 
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present point of view, the more important, as it includes tlio 
(ilongaied thick-walled cells known as fibres (k'ig. 8). In 
the central cylinder, or stole, the vascular tissue is 
prominent (Fig. 7). There are two well-marked types of 
vessels — the trachea), which are of large diameter, with 



Fig. 9. — Longitudiiud radial sertion of Piiiiis Svlvostris 
timber showing' welUdevelo2)od bordered pits ii])oii 
the walls of the trachehls. At riglit aiij^les to the 
tracheids is a medullary ray. 

• 

heavy walls variously modified in structure into spiral 
bands, rings, or i;/eticulations^Figf 8). 

Being destined for water conduction, they are arranged 
end to end in a continuous longitudinal series. In the 
conifer stem there is very large characteristic development 
of the ^racheal-like tissue ; but the constituent vessels differ 
w p. c 
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from the true trachea3 in having tapering ends, and in not 
being disposed in longitudinal series. 

These vessels are called tracheids, and they are charac- 
terised by pitted walls which, under the microscope, appear 
as double concentric rings arranged in rows (Figs. 9 and 
10). The second type of vessel is the sieve tube, so called 
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though separate, are organised together into vascular 
bundles. The disposition and relation of these bundles are 
the characteristic of the exogenous stem. 

They form a centric system— the xylem towards the 
eeritre, the phloem towards the periphery. The paren- 
ch 3 ;^a enclosed in the vascular cylinder is the pith or 



medulla, and its extensions outwards between the vascular 
bundles are called pith or medullary rays, and act as 
storage cells for reserve food jaat8rial. 

But the most obvious feature of the transverse sebtion 

In tjje xylem-pbloem. bundles there is a central portion 

c 2 
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of meristematic tissue, which continues the process of cell 
division and differentiation, contributing new xylem on the 
one side and phloem on the other. And further, this active 
tissue, known as cambium, extends from bundle to bundle 
across the pith (rays), assuming therefore a structural ring; 
The annual accretion of new tissue, which is a product; of 
the cambium, is thus marked as in a ring. (Fig. 11a.) 

As the trunk or stem increases in girth, an increasing 
portion of the xylem ceases to take part in the conduction 
of water, the ascending sap passes through the younger 
tissues or sap wood, which becomes differentiated in colour 
and other aspects from the heart wood ; in fact, it is this 
differentiation of the sap wood from the heart wood by 
the formation of vessels, tracheids, and fibres of larger 
diameter and thinner walls in the former tissues, that servos 
to accentuate the well-marked characters of the rings. 
(Fig. 11b.) The concentricity of the rings varies also in 
different trees; the gymnosperms, for example, are ex- 
tremely regular, whilst in some angiosperms the rings are 
more or less wavy, and in others again, such as the beech, 
the rings are crested. ’The new phloem deposited in contact 
with the old, causes rupture of the latter, and it pulls o** 
scales away more or less rapidly. 

The bark of trees is very complex in structure, very 
variable in character both as regards its structural com- 
ponents and its proportion and massive distribution; 
generally it is not permanently associated with the stem or 
trunk, as are the new wood tissues. This is also in accord- 
ance with our superficial observations of the habits oj 
trees. 

The conspicuous feature of the ^dicotyledonous stem . is, 
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therefore, the collateral vascular biintlle, open in the sense 
that the cambium constitutes a connecting tissue linking 



Fig. 11b. — Transverse section of ftthree-ycar-oldstem of 
Tilia (Lime Tree). At centre pith then xylen^wood) 
in three separate rings. Towards the periphery* 
the cambium sin^ then phloem and cortical tissue. 

the bundles. Ii> contrast with this, the monocotyledonous 
stem fs^compjsed essentially of a ground tissue, and 



22 


WOOD rULP AND ITS USES 


scattered but closed fibro-vascular bundles, i.e., with no 
connecting cambium (see Fig. 5). 

This arrangement implies an absence of provision for 
large increase of diameter, and the stem of a perennia.' of 
this type is columnar or cylindrical rather than conical. 

There is a corresponding lack of provision for developing 
an increase of foliage by way of a system of branches. 
The foliage is thus a crown of leaves, as in the palm 



Fjg. 12. — ])ato I^alm. Tyjacal Monocotyledon Perennial. 


(Fig. 12), which remains very much the same from year 
to year, ((’omimre with Figs. 12i], 12c.) The vascular 
bundles generally develop stereome tissue, ?.g., sclorenchy- 
matous thick-walled fibres which, in association with the 
vessels, constitute the fibres and vascular bundles. 

We have now become aware of the principal structural 
elements of a wooded stem, and we can analyse some of 
the aspects of wood sections which are familiar to us as 
the “ grain.” 
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Usually the xylem elements are parallel to the axis, in 
which case we have the term “ straight grain ” ; but 
irregularities appear in the growth of the various tissues 



Fig. 12ii. — Pine. Typical Conifer.* Exogenous Gyginosperm. 

(1) by a continuation iDf the growth of the cells after separa- 
tion from the ctynbium proper, thus causing an interlacing 
of th^ fibrous elements, with a consequent cross-grain 
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effect ; or (2) in the formation of branches and adventitious 
buds, producing the effect known as “ burr.” Other 
irregularities are seen in the projections of the xylem 



Fig. 12c<L)-Oak. Typical AngOosperm Exogenous Percnn^Al. 

* 

elements from the rings, causing the bird’s-eye ” e4^t so 
well marked in the maple. , 


In the angiosperms the medullary rays are mucl^more 
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highly developed than in the gymnosperms, and constitute 
in some cases a large percentage of the wood. 

In the oak the primary medullary rays may bo built up 
of several hundred rows of cells, and when seen in radial 
Sections appear as silvery hands, or silver grain, as it is 
terAied. 

Some of the poplars frequently have the medullary 
system aggregated together in spots known as “ pith 
flecks,” which help to identify the species. 

We may note that in addition to the formation of the 
li^o-cellulose or primary plant substance(see p. 57), various 
other products of secretion are formed. Proteins, or nitro- 
genous bodies, carbohydrates, glucosides, resins, and other 
aromatic substances, acids, such as tannic acid, dye stufls, 
which impart particular characters to the woods, and aid in 
its identifleation. 

Physical PRorERTiKs of Woods. 

, Weight . — This depends upon the condition of the wood 
in relation to moisture, and as regards structure, i.e., upon 
the proportion of small heavily lignified vessels such as 
would be illustrated by the heart wood,” this being 
relatively much more dense than the more distended 
vessels of the ” sap wood.” 

The following table illustrates the density of various 
woods : — 


Very light 

Wjod. • 

Dnnsity. 

Poplar 

0-26 0-4 

Light • 

•Spruce and Pine 

0-4 O'G 

Moderately h^avy 

Birch and Beech 

o 

CD 

o 

Heavy 

Oak 

0*8 and upwards 
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Hardness , — This is usually measured in terms of the 
number of kilograms required to force a punch of 1 sq. cm. 
in area to a depth of 1*27 mm. into the wood, perpen- 
dicular to the direction of the fibres. 

The following table illustrates the relative hardness i'n 


decreasing proportions : — 

Ilardness in 

Wood. 

kilogmms 


l>or sq. cm. 

Lignum Yitfe 

793 

Oak 

225 

Beech 

200 

Most coniferous woods 

100 

Cotton tree Bomhax Malabaricum 

. — 


(type of softest wood) 


Strem/th of Woods , — This may be defined as the resistance 
offered by the wood to any force tending to break the fibres 
across (transverse stress), or to overcome the cohesion of the 
fibres (longitudinal stress). 

In the testing of woods various other stresses are applied ; 
but the breaking straiif, as stated above, is by far the most 
important. • 

It is found that in broad-leaved trees the lateral resistance 
is from Jth to Jth of the longitudinal resistance, and in 
the coniferous j^^th to x^th. • 

Tetmayer of Zurich has arranged in the following table 
the relative resistance of the woods to various stresses : — 

Trarilsverse I 

Pressure. Tension. Oushing. Shearing. 

Beech Beech Oak , Beech 

Oak Oak Beech 
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Transverse 

Pressure. 

Larch 
Silver Fir 
Spi’udh 
Scotcb Pine 


Tension. 

Scotch Pine 
Larch 
Spruce 
Silver Fir 


Crushing. 
Larch 
Silver Fir 
Spruce 
Scotch Pine 


Shearing. 

Larch 
Spruce 
Silver Fir 
Scotch Pine. 


It was found that Scotch pine had the lowest technical 
value, silver fir 20 per cent, greater, spruce 26 per cent, 
greater, larch 66 per cent, greater, oak beech 95 per cent, 
greater. 

Two other factors usually determined in wood are (1) the 
ash, that is the amount of inorganic constituents left after 
burning the wood, which is a small proportion by weight 
though voluminous ; (2) the calorific, or fuel, value of the 
wood. On an average it is found to be about 4,000 
calories or heat units, in other words, one unit of weight 
of dry wood on burning furnishes heat which would raise 
4,000 units of weight of water 1^ C. 

The foregoing brief expose implies the fundamental con- 
ditions of fitness of a given wood or wood substande for 
conversion into a fibrous raw material. * These are primarily 
a large proportion oj elongated fcells or fibre, and, as the 
basis of economic production of such pulps, it will be 
obvious that the massive perennial stem fulfils essential 
industrial conditions of growth, transport, and treatment 
for conversion into pulp, which result in low cost of 
production. 

The processes of pulping to be dealt with in a subsequent 
.chapter, are of two kiflds*: (1) a simple disintegration by 
wet-grinding, to a “ mechanical ” pulp. Such pulps are sub- 
stantially the original wqod substance, deprived incidentally 
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of water-soluble constituents (see p. 97); (2) chemical 
processes which attack the ligneous constituents and convert 
them into soluble derivatives, leaving the cellulose which 
preserves the form and dimensions of the original, fibres 
constituting a “ chemical ” pulp composed of the fibrous 
structural elements of the wood in the fully resolved 
condition (see p. 120). 

The number of woods fulfilling what is a very exacting 
specific.ation of re(|uiremcnts, is extremely limited. Actually 
the wood pulp industry is based upon the utilisation of 
coniferous woods and poplar. 




CHAPTER II 

I. CELLULOSE AS A CHEMICAL INDIVIDUAL AND TYPICAL COLLOID. 
II. THE LIGNONE COMPLEX, LIGNO-CELLIJLOHE ; SPECIAL 
CHEMICATi NOTE ON AUTOXIDATION, AND RESEARCHES OF 
W. J. RUSSELL 

The investigation of the nature and composition of the 
woods is a prolilem of “ organic chemistry.” The wood 
substance is in all cases a complex of carbon compounds. 
The woods present variations in composition which are 
definite and characteristic ; but these are only minor 
divergences from a common type. As representative of 
the type we may take two individuals. 

The jute fibre— the lignified bast fibre of an annual, a 
simple tissue — and beech- wood, which represents perennial 
growth, and from its nature is an assemblage or mixfhre of 
structural elements. * 

We have in the preYious chapter spoken of “ lignification ” 
as a process. Morphologically it is a process of thickening 
by incrustation, and according to recent researches this 
incrustation is a process of forming adsorption com- 
pounds, the colloidal hydrated celluloses first elaborated, 
taking up soluble colloidal pjodu^ts from solu^on in the 
cambium fluids or “sap” (H. Wislicenus, Zeitsch. KoUmde, 
1910, p. 17) ; chemically it is regarded as the formation of a 
cellulose derivative by combination of cellulose with 
certain rficid and^ unsatu^*ated ketonic groups, the resulting 
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compound or complex being a ligno -cellulose. Conversely^ 
by various processes which attack these acid and unsaturated 
groups, the ligno-cellulose is resolved into derivatives of the 
latter which are soluble, and cellulose which is resistant 
and insoluble. The separation or isolation of cellulose is 
attended by disintegration; the aggregated structure is 
resolved into its component units, which are cells, including 
in this general term fibres and vessels. In the ligno- 
cellulosea these are of small dimensions, 2 — 8 mm. in 
length, and *02 — *03 diameter. A mass of such units in 
contact with water constitutes a ** pulp.” The separated 
cells retain their dimensions and general structural 
characteristics notwithstanding that the elimination of the 
non-cellulose components is attended by considerable loss 
of substance, t.e., weight, and the cellulose may therefore 
be regarded as the more permanent skeleton or framework 
of the cell. The quantitative relations of this resolution 
are of importance. The following percentage numbers 
characterise the typical ligno-celluloses : — 

Cellulose. Lignone, 

Jute . . . 70—80 . . 30—20 

Beechwood . ' 50 — 60 . . 50 — 40 

It may assist the student in estimating the practical 
significance of these chemical facts to point out that a 
ligno-cellulose is related to cellulose somewhat in the same 
way as an alloy of gold with baser metals is to gold. Gold as 
a “ noble metal ” is relatively non-reactive, and especially 
distinguished by resistance to oxygen, and is therefore 
permanent in the air and generally unaffected by the 
conditions which prevail on the earth’s surface. Cellulose 
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is resistant to oxygen and water, and is permanent under 
the prevailing conditions of our planet. A gold alloy is 
amenable to the attack of oxygen which combines with the 
constituent metals, converting them into oxides, or of 
reagents which dissolve the baser metals as salts : the gold 
is left as elementary metal. Similarly, cellulose is obtained 
as a residue resisting the action of reagents such as chlorine, 
caustic alkalis or bisulphites, all of which combine 
directly with the lignone groups, for reasons which will 
appear. 

It would take us outside the scope of our present treat- 
ment of the subject to attemjDt an exhaustive expose of the 
chemistry of these natural products. The special outline 
which we give may be regardedas the irreducible minimum 
necessary as the foundation of the chemical technology of 
the subject. We have already implied that the woods are 
modified celluloses, from which their more important 
constituent, that is the cellulose, is readily isolated. 

Cellulose is a carbohydrate ; it is derived from the sugars 
and under severe treatment may be resolved into sugars. 
Its ultimate composition is represented by the formula 
^(CsHioOs), and, in breaking dgwn to the simplest sugar, 
CeHiaOe the process may be formulated as one of simple 
“hydrolysis”: ^(CoHioOb) + nHaO = wCoHiaOe. But of 
the mechanism of this resolution we are profoundly 
ignorant. Indeed, it cannot be said that the above equation 
of hydrolysis has been verified* experimentally. Recent 
researches of H. Ost and 1 j, Wilkening {(Them, ^eit., 
1910, 84, 461), estafeliah a conversion of cellulose into 
fermentable sugars to the extent of 90 per cent, of its 
weighty with a residue of acid products. The above equation 
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is therefore not more than an approximate picture of the 
underlying facts. This is equivalent to the statement that 
we are entirely ignorant of the actual constitution of 
cellulose. 

We are more familiar with another complex carbohydrate, 
starch, which has a similar empirical formula 7 i(CcH* 05 )i 
Starch is quantitatively resolved into the sugars, maltose 
and dextrose, by hydrolytic action determined by reagents 
or by ferment actions and under conditions which enable 
us to follow minutely the stages of the transformation. 
These reveal the extreme complexity of the aggregate which 
constitutes starch. But although we can closely follow this 
chemical disintegration through its stages, we are unable to 
integrate these results of analysis into a formula, still less 
by any laboratory process to reascend the scale and trans- 
form the products of resolution back to starch. A fortiori, 
the proximate constitution of cellulose is problematical. 

Starch and cellulose are not only closely linked by many 
analogies which have been established by comparative 
investigation in the laboratory, but in the plant they stand 
in intimate, in fact genetic, relationship, as evidenced by 
the transformation from on^ to another, and the equivalence 
of their vital functions in many respects. Premising these 
relationships, we may state that the ultimate component 
groups of cellulose are those of the carbohydrates generally 
and of the sugars in particular — Le,, saturated comi)ounds 
and derivatives of polyhydric alcohols — generally resistant 
non-reactive. But the special chemistry of cellulose 
has to do with the complex or aggregate. The particular 
feature of cellulose is that it enters into a number of 
reactions, combining with other bodies to form^highly^ 
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characteristic derivatives, in which the essential properties 
of the aggregate are fully maintained. These properties 
are recognised in the following : (a) the colloidal character- 
istics* of the solutions of the original cellulose, as of its 
ethereal derivatives ; (b) the structural characteristics of 
the solids obtainable from these solutions by elimination of 
the solvent ; (c) the weight relations of the products, the 
cellulose maintaining its integrity as a complex. What we 
have to set forth as a sketch of the special properties of 
cellulose will follow this order of idea. 

L 

Cellulose as a Typical Colloid , — It may be said generally 
that we know very little of solid substances ; it is only in 
solution or the fluid state that matter lends itself to quanti- 
tative analytical investigation. It is in the manifestation 
of associated properties in solution that compound matter 
has come to be regarded as falling into two great divisions, 
Crystalloids and Colloids. Crystalloids are crystalline as 
solid? and when dissolved in neutral solvents constitute 
limpid solutions ; Colloids are non-crystalline or amorphous, 
and dissolve to viscous or gelatinous solutions. Qn evapo- 
rating the solvent the former resume their crystalline form, 
the latter constitute structureless masses; these^ may be 
transparent, and if spre&d over a relatively large superficial 
area they take the form of a film or sheet. A familiar type 
of colloid is gelatin. Gelatin^in 10 — 20 per cenj^. aqueous 
solution at temperatures of 50 — 100°, is a viscous liquid ; 
the solution! on cooliitg to 20 — 80° solidifies to a jelly or 
“gel.” The “gel” continues to lose water at its surface 
and, by, withdrawing water from the interior, continues the 
process of desiccation. The “air 4«^y ” solid finally retains 
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15 per cent, of its weight of moisture, which requires a 
higher temperature for its expulsion. The dry solid is 
relatively inelastic or brittle. 

There are various views current as to the causes under- 
lying these phenomena. Any sucli view or “ theory of the 
colloidal state ” must set out from the observed experimental 
facts which are, chiefly : (1) The antithesis between solid 
crystalline and amorphous matter ; (2) the correlatively 

divergent properties of these two types of matter when in 
solution : thus, the crystalloids are generally electrolytes : 
they are conductors of the electric current, by which they 
are readily decomposed, talcing up the electrical energy and 
splitting into polar constituents ; the colloids are non-con- 
ductors in this sense. The crystalloids are diffiisiblcj i.e,, 
they readily pass through membranes such as parchment, 
or parchmentised paper — the phenomena being classified 
under the term osmosis ; the colloids are not diffusible — 
that is, exert no osmotic pressure in solution— and conse- 
quently are not transmitted through such membranes or 
films. 

The crystalloids, in dissolving, undergo changes of volume, 
accompanied by considerable thermal effects : the colloids 
dissolve with relatively slight volume change. Colloidal 
matter, when observed in transparent forms, is optically 
homogeneous ; crystalline matter exhibits selective actions 
which are classified under the term polarisation. These 
effects in'Mertain groups of compounds, e,g,, the sugars, 
pe^ist in their solutions. It is important to note that wef 
have the primary antithesis of solid form, associated with 
differentiated relationships to the various forms of energy- 
electricity, heat and light. It must not b^ assumed, how- 
ever, that there is any faharp distinction of one form of 
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matter from another : the antithesis is an opposition of 
extremes, emphasised by the comparison of typical repre- 
sentatives. But these extremes graduate on either side 
injjp forms of matter which have the characteristics of both. 
There is an important deduction from these relationships, 
which is that throughout the series the ultimate properties 
of matter aro involved as the conditioning factor of the 
“ physical ” state. It was formerly held that the antithesis 
of crystalloid and colloid was of '‘physical*’ significance 
only, that is, depended rather upon proximate relationships 
than upon the ultimate properties of matter, which are 
“ chemical.” We cannot pursue this theme at any length, 
and we must refer students who aim at more fundamental 
analysis of phenomena to special treatises, instancing more 
particularly “ Neue Gesichtspunkte zur Theorie der Kol- 
loide” (E. Jordis, Erlangen, 1904), and other critical and 
experimental contributions which connect the properties of 
colloids with the modern theory of solutions. As a general 
text book we need only mention “ Grundriss der Kolloid- 
chemie,” by W. Ostwald (Dresden, T, Steinkopff). Eor a 
general resume of the literature of colloids covering the 
earlier periods, the • “ Bibliographie der Kolloide,’* by 
A. Muller (Leipzig, 1904, L. Voss), and for present develop- 
ments the scientific sepal “ Zeitschrift fiir Chemic und 
Industrie der Kolloide ” (Dresden, Steinkopff). As a 
general review of the chemistry o^ cellulose considered as 
a typical colloid and the pmbable relationshi|)s of its 
(folloidal characteristics to chemical constitution, the 
student may consult “Researches on Cellulose,” II. (1906), 
Gross and Bevan. * 

GellulSsp is itself insoluble in all neutral solvent liquids. 
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The ** solutions of cellulose ” are in all cases solutions of 
derivatives. There are two main groups of these deriva- 
tives 

(a.) Colloidal double salts of cellulose with metallic 'Saline 
compounds, viz., zinc chloride and cuprammonium. A 

solution of cellulose ” results from digestion with these 
reagents in aqueous solution, and the cellulose is separated 
from these solutions by mere dilution. It is obtained in 
a gelatinous, hydrated, and of course, structureless form. 
The precipitated cellulose retains the metallic oxides ; but 
these are readily removed by treatment with acids. The 
solutions have a high viscosity and the limit of fluidity, for 
the purpose of the practical applications of these solutions 
is reached when the percentage of cellulose in solution is 
5 — 7. Higher percentages in fluid solution are attained at 
the expense of the integrity of the cellulose aggregate, that 
is, by various processes of hydrolysis ; thus, by employing 
with the zinc chloride various and increasing proportions 
of hydrochloric acid, or by previous treatment of the 
cellulose with both p-cid and basic reagents, which resolve 
the aggregate by hydrolytic actions. It must be noted that 
the state of disintegration of the aggregate persists in the 
reverted product ; the cellulose recovered from the solutions 
by precipitation is more or less degraded in its structural 
properties. 

(b.) The esters of cflhilose are the derivatives which 
result fito the combinatioii of its OH groups with acid 
radicals. The most important of these are the Nitrates, or 
so-called Nitrocelluloses, the Acetates and Benzoates. The 
Benzoates are of no practical (t.e., indifetrial) importance. 
The Nitrates and Acetates are formed by .the acti^ of the 
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acids or their anhydrides upon cellulose. The “ nitration ” 
or “acetylation” is progressive, and to form derivatives 
soluble in various neutral liquids the degree of esterification 
must proceed beyond a certain limit, viz., that represented 
by.thh combination of two of the OH groups of the unit 
CgHi^Os. Actually the derivatives most commonly employed 
are, in the case of the nitrates, the esters intermediate 
between the dinitrate and trinitrate ; in the case of the 
acetates, the complete solubility of the ester requires a 
stage of esterification closely approximating to the produc- 
tion of a triacetate. 

The solvents employed are in the case of the nitrates, 
ether-alcohol, alcohol and camphor, etbyl-acetate, ace- 
tone, and variations of these. The acetates are soluble in 
a more limited range of liquids, of wdiich chloroform is the 
most important and characteristic ; other solvents are 
acetic acid, phenol, and pyridine. It is important to note 
that these esters are produced with a necessarily large 
increase of weight of the product as compared with the 
original cellulose, resulting from the introduction of the 
relatively heavy acid or negative ^roup. This will be 
appreciated from inspection of the equations representing 
the limiting reaction* thus : — 

Cellulose. Nitric Acid. Water. Cellulose Trinitrate. 

CeHioOg + 8 HNOg = 8 HgO + CCII7O2 (NOgla 

162 (3 X 63) (3 18) 297 

Cellulose. Acetic Acid.^ Cellulose Triacetate. 

CeHioOfi + 8 C2H40a = 8 H 2 O + CeHvOa 8 (CaH802) 

162 (3 k 60) (3 X 18) 288 
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an increase of weight in either case of over 75 per 100 of 
cellulose. 

These combinations, involving such large increases of 
weight, may take place under regulated conditions, without 
affecting the structural integrity of the fibre; the esters 
differing but little in external appearance from the original 
cellulose. 

They now dissolve in their respective solvents to 
structureless solutions, which are fluid at concentrations of 
10 — 15 per cent, of the ester. It is to be noted from the 
weight relationship above set forth that these concentrations 
are in their equivalent of cellulose 6 — 8 per cent. 

From these solutions the esters are recovered unchanged, 
by evaporation of ihe solvent, or by removing it by the 
action of a liquid, which mixes with the solvent but is not a 
solvent of the cellulose. From the esters so recovered, the 
cellulose can only be regenerated by the chemical process 
of saponification, that is, by the attack of certain alkaline 
agents which combine with and remove the combined acid 
groups and restore the OH groups of the original cellulose. 

In the industrial uses of these compounds they are 
sometimes employed as such, or ns in the production of 
artificial silk, the solution being drawn or spun through 
fine orifices and solidified to the artificial thread which in 
the case of the nitrate is then denitrated or saponified to 
cellulose. 

The industrial process is therefore in the latter case a 
complete ichemical cycle ; the ester stage being, for all 
practical purposes, merely a solvent-plastic condition of the 
cellulose. 

(c.) Intermediate between these two groups and combining 
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their essential features, is the derivative known as the 
sulpho-carbonate, or in solution, as viscose. This is a 
water-soluble ester of cellulose, formed by treating cellulose 
with strong solutions of the alkaline hydrates, e,g., caustic 
so^a,*and the compound so obtained, or alkali-cellulose with 
carbon bi-sulphide. The ester is thus synthesised in the 
two stages, and its final form is the sodium salt of celliilose- 
xanthogenic acid, a compound freely soluble in water. 
The aqueous solutions of these derivatives (viscose) are 
structureless, and at cellulose concentrations of 8—12 per 
cent., are sufficiently fluid for manipulation through filters 
and for passage through fine orifices under small pressures. 
(See p. 247.) 

The reaction which produces these compounds is a 
reversible one, and the solutions, on standing, spontaneously 
revert to cellulose by dissociation of the alkaline sulphur 
residues. The cycle of synthesis and decomposition may 
be represented by the subjoined diagram - 


Synthesis. 

^ Alkaline hydrate \ Solution of 

Cellulose ^ ^ Xantliogenic Ester. 

Carbon Bisulphide J 

kr' 

I Carbon-disulphide 

Alkali and products of ^ anfl Cellulose (Hjdrate) 

^ interaction , 

Upon these fundamental facts are based a number of 
important industrial applications of cellulose. 
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In the preceding section we have indicated that the 
cellulose in the form of these soluble derivatives is a 
structureless colloid. In the plastic condition it may be 
made to take any desired form, and it is produced indus- 
trially in filament or thread, in film or sheet, or, lastly, in 
massive solids of any required dimensions. The special 
feature of these artificial forms is a particular continuity of 
substance. In passing from the state of solution to the 
ultimate solid form there are no breaks in this continuity, 
and the structural characteristics of these artificial forms 
are conditioned by this fact, which, in turn, rests upon the 
ultimate constitution of the cellulose substance or matter. 
This finally must be held to be intimately associated with 
its typically colloidal properties. 

The practical effects or consequences of these constitu- 
tional properties are seen in the qualities of resistance of 
the derivative solids. The mechanical properties of the 
artificial threads, which are expressed in terms of tensile 
strength or tenacity, extensibility (elasticity), are essential 
factors of their textile applications. These properties are 
compared and brought to numerical expression in various 
ways : thus the tena«uty is measured in terms of the 
maximum weight which the thread ^vill support. As an 
average figure w’e may take this as 8,000 — 9,000 grms. 
per square millimetre of section. Another mode of 
expression of the physical fact is in terms of “ breaking 
length,” that is, the length of the particular fabric repre- 
senting sifth breaking weight! Elasticity is the maximum 
elongation of the thread under strfiin from which it will 
revert to its original dimensions when the strain is 
removed. This may be 2 to 3 per cent.* Extensibility is 
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the elongation of the thread when strained to its breaking 
point. This varies from 10 to 20 per cent.^ These cellulose 
threads are known as “ artificial silks,'* and it is evident 
from the term, that they are applied to similar purposes as 
tlie^iatural silks. It is of interest, therefore, to compare 
the^e products in regard to their fundamental mechanical 
properties. We quote from a paper on “Cellulose and 
Chemical Industry “ (Cross and Bovan, Jour it , Soc. Chem. 
IncL, 27, 1908). 

The comparison with silk is direct and simple, since both 
represent amorphous colloidal matter or substance. 

The artificial silks may be taken as showing the following 
range of textile quality : — 


Gramme. 

* Breaking strain or tenacity per unit denier , DO — 1*4 
IJxtensibility under breaking strain . . 

True elasticity I i%—o% 

The corresponding averages for the true silks (in the 
boiled-off state) are : — 

Breaking strain or tenacity per denier * . . 2'0— 2-5 

Extensibility under breaking sti^iin . . . 15% — 25% 
True elasticity . * 

Strehlenert has established the following relationships, 
which are important {Chcm.-Zeit^ 1901, p. 1100). 

The breaking lengths are expressed in terms of kilo- 
grammes per square millifhetre of section, ^hich is a 

• 

* These points are further elucidated in Chap. X. 

'■* Denier is the unit weigh t/leiigth : mgr. per 10 metres. 
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satisfactory basis of comparison in view 

of the 

close 

structural similarity of the products investigated : — 

Diy 

Wet. 


China raw silk 

53-2 

46-7 


French 

50-4 

40-9 

“Natural 

Bilk.” 

,, boiled off . 

25-5 

^ 13-6 

„ dyed red, weighted . 

200 

15-0 

,, blue black at 110 per cent. 

12-1 

" 8-0 


,, ,, „ HO per cent. 

7-9 

6-3 


,, ,, „ 500 per cent. 

2-2 

— 

“Artificial I 

' Chardonnet ) ..t-. f 

14-7 

1-7 

Bilks.” ^ 

1 1 ehner 1 process . j 

17-1 

4-3 

Lustra 

1 Glanzstoff, ciipramraoniuiD process 

19-1 

3*2 

colluloses 1 

^ Viscose, xanthate process 

21-5 

5‘3 


The lustra celluloses are thus inferior in tenacity to 
the silks, but when these are weighted th^re is a 
loss of strength beyond that which would be directly 
proportional to the degree of “ dilution ” of the silk 
substance. 

As the weighting of silks is very largely practised, it 
will be seen that the lustra celluloses are quite on the 
average level of textile quality, even in this higher 
sphere. 

In regard to elasticity and extensibility, which are 
important correlative measures of texMle quality, a similar 
series of relations obtains. 

The lustra celluloses, on tlie othe^; hand, have a special 
relationship to water, the colloidal cellulose having a con- 
siderable hydration capacity. In actual practice this fact 
is not of su^h moment as to inipede the very rapid progress 
of tlTe industry in these new textiles. ^ 

That this property or relationship of the cellulose is 
modifiable appears to be a reasonable dedhction from the 
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general reactivity of cellulose. It has been presumed by 
investigators that the cellulose (hydrate) is susceptible of 
modification, either by intrinsic or constitutional change, 
or by reaction to form a new derivative, in such a way as to 
yigld'a product more nearly resembling the normal cotton 
cellulose in resistance to hydration. At this date there is 
only one method which has given promise of industrial 
results in this desirable direction. 

The cellulose, notably in the form of artificial silk, is 
treated with formaldehyde in aqueous solution containing 
also auxiliary agents determining combination. 

As a result of the combination it appears there' is some 
constitutional change in the cellulose itself accompanying 
the fixation of the 11200 groups, and this suggestion is of 
moment, as it indicates a capacity of internal structural 
modifitjation which offers an attractive field for research. 

It is of particular interest to note that the artificial silks, 
though produced by treatments of cellulose presenting the 
widest contrasts in chemical and physical conditions, are 
closely similar in their properties. It is evident from this 
that though cellulose is, in chemical language, extremely 
labile, it is nevertheless so constituted as an aggregate as 
to be equally stable, «r resistant* to change. 

The reversion of cellulose or of its esters from the 
solutions above enumerated, in the form of film or sheet, 
introduces no novel features of the product. The qualities 
of the film which condition its industrial employment are 
tensile strength and elasticit}^ « 

In the production of solids in massive forms, a number of 
factors are introduced with the exaggeration of the third 
dimension, and "only one of the solutions, viz., viscose 
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lends itself to the production of cellulose products of this 
order. The nitrate solutions which are the basis of the 
highly important celluloid industry are a plastic form of the 
nitrate or cellulose ester, and the forms into which it is 
fashioned while in the plastic state are but little different in 
dimensions from those of the permanent and rigid jjolids 
into which they pass by eva})oration of the solvent. 
These are constituted of the unchanged nitrate or cellulose 
ester. No economical method has been devised for turning 
out the acid groups from the ester in these massive forms 
and thus arriving at cellulose in corresponding forms. But 
the viscose solutions in spontaneously reverting to cellulose 
and solidifying may be cast, at this stage, into any desired 
form. The masses so obtained are composed of the cellulose 
in a much hydrated state ; but though retaining nine times 
its weight of water (of hydration) it has, nevertheless, a con- 
siderable mechanical resistance. Permeated as it is with 
the alkaline-sulphur by-products, it requires exhaustive 
washing to remove them. The purified mass of hydrated 
cellulose, if now dehydrated and desiccated by exposure to 
the atmosphere, parts with its water continuously and 
progressively, shrinks upon itself, and finally, is obtained, 
in transparent or translucent masses! The cellulose solid 
BO obtained is an extremely resistant material. 

The properties of this material , may be compared with 
those of other solids used in construction, and it will be seen 
to have qualities of a very high order. 

Lastly,^ we have to cal N particular attention to the 
facts which have been generally ^noted as regards the 
weight relationships of these cycles of tran^ormations. 
Taking the two extreme cases, that is,* wit^^ the widest 
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divergence of the conditions of reaction and with reference 
to the same unit of cellulose, which we may conveniently 
take at 100 parts by weight : 

fcyclea. Cellulose. Nitrate. Cellulose (ln/<Irate) Acid. 

€ 

One hundred parts of cellulose combine with nitric acid 
(with elimination of water) becoming 165 parts of cellulose 
nitrate, dissolved in alcohol-ether to 15 per cent, solution 
(equivalent to 9 per cent, cellulose) and spun to thread, 
denitrated with ammonium-magnesium sulphydrate, and 
reverting to 103 parts by weight of cellulose hydrate. 

( ycle /3. Cellulose, Xantliogenic Ester. Cellulose hydrate. 

Alkaline. 

One hundred parts of cellulose combine with 50 parts 
sodium hydrate (in presence of water), the alkali cellu- 
lose reacts with 50 parts disulphide, giving 130 parts of 
cellulose-xanthate of soda dissolved to 13 per cent, 
solution, equivalent to 10 per cent, cellulose, drawn or spun 
into “ setting ” solutions (see p. 246), which decompose the 
ester and regenerate <;ellulose, yielding 103 parts by weight 
of cellulose (hydrate). 

In either case, therefore, the cycle is completed without 
loss of substance by the cellulose : there is a slight gain 
due to combination with water. 

This is only strictly true of, the normal cellul$\se, which 
is represented by the fully purified cotton fibre. Other 
celluloses, notably wood-celluloses, sustain a loss of weight 
due to conversion into permanently soluble derivatives, 
which lAay amount to 10 — 20 per cent. .Reciprocally, the 
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viscose cycle becomes a constitutional criterion, a normal 
cellulose being one which sustains this cycle of reactions of 
synthesis and- decomposition without loss of substance. 

These experimental facts define cellulose as a typical 
colloid. It has, of course, long been recognised in general 
terms that cellulose in its “ organic ” forms must be classi- 
fied as a colloid. But the colloidal state having become a 
definite objective of investigation, it is evident that the 
investigation of cellulose through its compounds and deri- 
vatives is destined to contribute considerably to the develop- 
ment of the general theory of the colloidal state. For this 
reason, added to the fact that all the industrial applications 
of cellulose specially involve its colloidal characteristics, we 
have limited our present treatment of the subject to this 
particular aspect. 

We now give a brief systematic resume of the properties 
of cellulose as a chemical individual, these tyyical charac- 
teristics being those of cotton cellulose. 

Cellulose. — Generally the non-nitrogenous skeleton of 
vegetable tissues. Type: the fibre-substance of cotton, 
purified from associated “ impurities ” by processes of (1) 
alkaline hydrolysis and "oxidation ^(bleaching) ; (2) of 
digestion with hydrofluoric acid, etc., to remove mineral 
impurity. 

/'C44*4\ 

Elementary | H 6*2 [ whence the empiri- 
" ,, VO 49*4/ 

caHormula CcHioOs. 

Constitution undetermined. Is variously regarded as 

(1) Polyhexose (anhydride)<^^^||^^* 
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(2) Polycyclohexane derivative. 

(3) An aggregate of groups of variable and undetermined 
dimensions, of which only the ultimate terms are known, 
viz., CIT 2 OH, CIIOH, CO ; hut the anhydride forms of the 
alcoholic OH groups, and the position or positions of the 
CO groups remain undetermined. 

Constitutional moisture is retained by the cellulose in its 
air-dry state, varying between 0 and 8 per cent, according 
to temperature and saturation of surrounding air. 

Solvents . — Cellulose is insoluble in all neutral solvent 
liquids. Is dissolved by 

(1) Concentrated solutions of zinc chloride on heating at 
80^ to lOO'^. 

(^2) Solution of zinc chloride (1 in concentrated 

hydrochloric acid (2 2 )arts) in the cold. 

(3) Solution of cupric oxide (hydrate) in aqueous 
ammonia in the cold. The cellulose may be recovered 
quantitatively from these solutions, though constitutionally 
changed. 

Ileactions . — The above reactions resulting in solution of 
the cellulose are characteristic ; otherwise it is exception- 
ally non-reactive. 1^ dilute solfltions of iodine, in presence 
of certain dehydrating agents, it is coloured blue. 

Cellulose Compounds, i . e .^ Synthetical Derivatives. 
— Esters (a) Nitrates.— By direct reaction with nitric acid, 
usually in presence of sulphuric acid, in which case unstable 
mixed esters are formed as ja, stage in the reaction, the 
NO3 displacing the SO4H residues. The esters are forrfred 
without sensible structural modification. They are purified 
from residual S® 4 H by prolonged boiling with water, and 
are the* “ stable.” A series of these esters are known, the 
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highest approxiniiitiiig to the trinitrate (Co) (gun-cotton) 
the intermediate terms — dinitrate — heing solii))le in ether- 
alcohol (collodion cotton), the lowest having physical pro- 
perties but little different from the original cellulose. ^ 

These esters are variously formulated as nitrates of a 
reactive unit of Co — Cjo — C04 dimensions. 

Solve Ufa,— The special solvents of those esters are acetone, 
ether-alcohol, nitrobenzene. 

Saponiriration . — By certain alkaline and reducing agents 
(alkaline sulphydrates) the nitric groujis are eliminated and 
cellulose regenerated. 

(h) Acetatks.- Hy reaction w’ith acetic anhydride under 
various coiiditions : (1) at 110'^ direct formation of mono- 
acetate (Tr.) insoluble in all neutral solvents and in the 
solvents of cellulose. (‘2) At 110' to 100’, formation of 
higher acetates, attended by solution in the reaction mix- 
tun'. (M) in presence of catalytic agents (ZnCl^—TTaSOj — 
T1 ;jB() 4) at intermediate temperatures ; lIjjSOi determines 
reaction at ‘25 ' to 05 '. The products are usually mixtures 
of tri- and tetrac(jtate. (4) When the reaction mixtures 
are diluted with hydrocarbon the fibrous cellulose may be 
acetvlated without solutioiror seii.sible.structural change. 

Solnoits of the higher acetates, chloroform, acetone, 
phenol. 

Supoinjicfftio}!. — The acetyl groups may be removed by 
boiling with alkaline solutions, the cellulose being regene- 
rated. quantitative determinations the saponification 
1)6 effected by digestion with normal sodium hydrate 
diluted with an equal volume of alcoffol. 

(r) Acri)-SuLiu£i:mc BsTims.— By the aation of sulphuric 
acid an extended series of esters is fronied, which ha*ve been 
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(2) Polycyclohexane derivative. 

(3) An aggregate of groups of variable and undetermined 
dimensions, of which only the ultimate terms are known, 
viz., CIT 2 OH, CIIOH, CO ; hut the anhydride forms of the 
alcoholic OH groups, and the position or positions of the 
CO groups remain undetermined. 

Constitutional moisture is retained by the cellulose in its 
air-dry state, varying between 0 and 8 per cent, according 
to temperature and saturation of surrounding air. 

Solvents . — Cellulose is insoluble in all neutral solvent 
liquids. Is dissolved by 

(1) Concentrated solutions of zinc chloride on heating at 
80^ to lOO'^. 

(^2) Solution of zinc chloride (1 in concentrated 

hydrochloric acid (2 2 )arts) in the cold. 

(3) Solution of cupric oxide (hydrate) in aqueous 
ammonia in the cold. The cellulose may be recovered 
quantitatively from these solutions, though constitutionally 
changed. 

Ileactions . — The above reactions resulting in solution of 
the cellulose are characteristic ; otherwise it is exception- 
ally non-reactive. 1^ dilute solfltions of iodine, in presence 
of certain dehydrating agents, it is coloured blue. 

Cellulose Compounds, i . e .^ Synthetical Derivatives. 
— Esters (a) Nitrates.— By direct reaction with nitric acid, 
usually in presence of sulphuric acid, in which case unstable 
mixed esters are formed as ja, stage in the reaction, the 
NO3 displacing the SO4H residues. The esters are forrfred 
without sensible structural modification. They are purified 
from residual S® 4 H by prolonged boiling with water, and 
are the* “ stable.” A series of these esters are known, the 
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being an amorphous substance. The dibenzoate is soluble 
in acetic acid, chloroform. 

Mixed Esters, containing the benzoyl and nitric residues, 
result from the action of nitric acid upon the benzoates. 
Simultaneously a nitro-group enters the benzoyl residue. 

Alkali Cellulose. — The fibrous cellulose undergoes con- 
siderable structural modification under the action of solutions 
of sodium hydrate of 12 to 25 per cent. NaOH. There is a 
definite synthetical reaction in the ratio CjjHioOs : 2 NaOII, 
which is a stage in the formation of the dibenzoate (supra). 

The compound is completely dissociated by water: by 
treatment with alcohol an equilibrium is reached when the 
reagents are associated in the ratio Ci 2 ll 2 oOioNaOH. 

The alkali-cellulose hydrate, of composition 


Cellulose 

30 

Sodium hydrate . 

15 

Water , 

55 


Cellulose : Sodium hydrate, 
CellioOs 2 NaOH 


is the first stage in the synthesis of cellulose xanthogenic 
acid, which results from the interaction of the alkali cellulose 
and carbon disulphide at ordinary temperatures. The 
sodium salt is soluble in water. It is an unstable compound, 
the solution undergoing spontaneous progressive change. 
The solution, which is highly colloidal, finally solidifies. 
By reason of the characteristic rfeaction of the xanthates 
with iodine, 

OX XO , OX - XO 

■ CS CS + Is = 2NaI + CS< >CS, 

SNaNaS S - S 


the progress of the change may be follcwed, the essential 
feature being the elimination of the CSa^ residues^ with re- 
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aggregation of the cellulose units. Well-marked stages in 
the series occur at the points denoted by the empiri- 
cal formulas Ci 2 Hi 909 CSSNa. The former represents an 
e(piifil)rium attained after the solution has lemained for 
some hours at the ordinary tem])orature : the latter is reached 
in from three to four days. The cellulose under the reaction 
acquires a more acid character, an additional Oil group 
combining with alkali. The lower terms of the series, 
though insoluble in water or dilute saline solutions, are 
dissolved by the addition of sodium hydrate. The sodium 
atom in combination with the CSS residue is not attacked 
by weak acids, such as acetic acid. By double decomposition 
^Oth soluble salts of Cu, Zn, etc., the corresponding xanthatea 
are produced as insoluble colloidal precipitates. 

In the above reactions the cellulose aggregate is main- 
jjained ; the solutions of the derivatives are viscous and 
colloidal ; but the following 

Eeartions of decomposition, which are determined by 
hydrolytic and oxidising agents, the directions of resolution 
are extremely various and the relationehips of the products 
to the original aggregate are undetermined. 

(a) SuLPHuinc Acif), sp. gr. 1-55— 1*65, dissolves the 

cellulose as a disulphuric ester; but decomposition attends 
the reaction, and on diluting and boiling the hydrolysis is 
carried to the extreme molecular limit, the final product 
being dextrose. ' ^ 

(b) Hydbobromic acid in eihereal solution attacks tlie 
cellulose profoundly wj/ih production of broin-methyl fur- 
fural. The formation of this compound indicates a previous 
or intermediate sfage in which the products of resolution 
are moldbular ketonic bodies of carljphydrate constitution. 

B 2 
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(c) Hydrochloric acid in presence of water, dilute sul- 
phuric acid, and acids generally, attacks the cellulose aggre- 
gate with production of a variety of derivatives. (1) In- 
soluble : These are generally termed hydrocelluloses. They 
are disintegrated residues of the original fibres ; they differ 
chemically from the parent aggregate in the presence of 
free aldehydic groups, and in readily yielding to the action 
■of alkalis. (2) Soluble molecular products, chiefly dextrine 
and dextrose. 

(d) Alkaline Hydrates and Alkalis generally have little 
action on cellulose in the form of dilute solutions — even 
when treated at elevated temperatures. Sodium hydrate in 
solution of concentrations of 12 per cent. NaOH and upwards, 
combines with the cellulose, producing profound structural 
modifications (mercerisation), but without resolving the 
aggregate. 

At higher concentration and temperature the cellulose is 
partially dissolved; but even under the conditions of a 
fusion ” at 180^ the resolution is limited to the conversion 
into alkali soluble modifications, which are precipitated in 
the colloidal form on diluting and acidifying. At higher 
temperatures (250°) and with largev proportions of the 
alkaline hydrates, the cellulose is resolved into acid products 
of low molecular weight, chiefly acptic acid and oxalic acid. 

Oxidants . — The directions of oxidation of cellulose are 
likewise extremely div^Sified. ^The aggregate manifests 
cpnsiderahle resistance to alkaline oxidants in dilute form, 
e.g., solutions of the hypochlorites ^ permanganates ; but when 
the limit is passed the oxidations which result are drastic 
in the sense hat the soluble products arb of low molecular 
weight, chiefly carbonic and oxalic acids. The insoluble 
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fibrous residues, more or less disintegrated, are known as 
oxycelluloses. They contain free aldehydic groups, are 
easily attacked by hydrolysing agents, and on boiling with 
hydrochloric acid (1-06 sp. gr.) are decomposed with 
production of some furfural. 

Resolved by the action of concentrated solutions of the 
hypochlorites, cellulose yields chloroform and carbon-tetra- 
chloride. The hypobromites give the corresponding bromine 
derivatives. Nitric acid (1*25 sp. gr.) at 180° converts 
cellulose into a series of “ oxycelluloses,” which are resolved 
on boiling with calcium hydrate into acid products, among 
which isosaccharinic and dioxy butyric acids have been 
identified. In the original oxidation small quantities of the 
higher dibasic acids — saccharic and tartaric acids — are pro- 
duced, but the main products are oxalic and carbonic acids. 

With chromic acid an endless series of oxidations may be 
Effected, the degree of action depending upon the proportion 
of the' active oxidant and the associated hydrolytic action of 
mineral acids. The oxycelluloses produced are distinguished 
by relatively large yield of furfural when decomposed by 
boiling HCl Aq (1*06 sp. gr.). In -presence of sulphuric 
acid there ensues complete comjbustion, and the reaction is 
the basis of quantitative analytical methods. 

Resolution hy Ferment Actions , — Under the actions of 
specific organisms the^cellulosa complex is totally resolved, 
the main products being methane, hydrogen, and carbonic 
and fatty acids. The decomposition may be associated with 
the action of an enzyme ; but a remarkable feature of the 
process is the absence^ of intermediate products, at least in 
the cases hitherto investigated. In the digestive tract of 
the herbivora clllulose is resolved, and from the iuvestiga- 
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tion of the process, necessarily l)y indirect observations, it 
appears that, in addition to a destructive resolution to 
ultimate gaseous products, thoie occurs a resolution to 
proximate groups of high nutritive value, which are 
assimilated h}" the animal organism. • 

licaolutlon bif llvat ; Dcstntctlre I >ist}llaiion. — The decern- 
positions of cellulose at temperatures exceeding 250° are 
necessarily extreirndy complex. 

The groups of products show an average production : 

Solid Liquid Gaseous 

J30i)(‘r font. 50 per cent. 20 per cent. 

Charcoal or pseudo- Containing Chiefly 

carl)on Acetic acid (2 per cent.) C0aDdC02 

]\Ietliyl spirit (7 per cent.) 

Acetone, furfural 
tar (12 per cent.) 

the actual proportions and composition of tliese mixtures 
varying with the temperature and duration of the heating. 

General of the iJcconipomtion of Celluloae. — It is 

clear that tlie cellulosfi complex breaks down under destruc- 
tive influences, in directions depending upon the nature 
of the attacking agent, its concentration, and all the 
surrounding physical conditions. The study of these 
decompositions has thrown but little light on the actual 
nature and constitution of the cellulose aggregate ; for the 
reason, perhaps, that we* have endeavoured to maintain a 
bq^is of interpretation such as is applicable to ordinary 
molecular compounds or complexes. • If we regard cellulose 
as the analogue of a complex salt in presence of water, and 
endeavour to follow the reactions of decompositioi} as we 
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should the chanpjiii" equilibrium of a colloidal mlt Rohition 
under the action of I’eagents, we have a basis of working 
hypotheses which will be found to stand the general test of 
credibility — that is, they tend to prof^ress in investigation. 
Wk) make this observation in reference to the matter which 


we have just endeavoured to reduce to short, systematic 
expression, but which obviously cannot effectually be so 
treated, because it involves the entire theoretical basis of 
our subject — that is, tln^ actual state of matter and the 
distribution of the reactive unit-grou])s in the cellulose 
complex; and this basis is as yet entirely undetermined. 

The CdliiloRc Group . — From the typical cellulose we pass 
to the diversified (jrofip of cclluloncs. Their general charac- 
leiistics are those of the prototype; the variations they 
present are especially such as involve the undetermined 
factors of constitution. With these there are certain cor- 
relative variations which afford an empirical basis of 
classification. These are (a) the degree of resistance to 
hydrolytic and to oxidising agents, (b) the percentage 
yield of furfural when decomposed by boiling HCl Aq, 
(c) elementary composition, in respecj; of the ratio C : 0. 

The fibrous celluloses are grouped as follows : — 


Type. 

Elementary j (C) 44'(5— 44*4 
Composition ( (0) 50*0 

Furfural . . 0*1— 0*4 

Other character- 
istics . .No* active 

• CO groups. 


Cere.al cellulose 
sub-group (J 
Straw cellulose. 

41-5— 42*5 
61*0 5B-0 

•B-O-G-O 1^-0— 15-0 

Some free Considerable 
CO groups, reactivity of 


Cotton Wood cellulose 
sub-group A sub-group B 
Bleached cotton. Juto cellulose. 

4B 0 -13*5 
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Of these groups the following points may be noted : — 

A. — Comprises, in addition to cotton, other industrially 
important celluloses, e.gi., flax, hemp, and rhea. They 
occur in the plant world in association with compounds 
easily removed by the action of alkalis. They pass through 
the cycle of reactions involved in their solution as xanthate, 
without hydrolysis to soluble derivatives. 

B. — These celluloses are obtained as products of decom- 
position of a compound cellulose. They may be regarded 
as partially hydrated or hydrolysed. They are more 
readily attacked by hydrolysing agents and, in the xanthate 
reactions, are partially resolved to alkali-soluble derivatives. 

C. — These celluloses are in most cases a complex of 
structural elements, and not homogeneous chemically. 
They are still less resistant than the preceding group, and 
more especially the furfural -yielding components, which are 
selectively attacked under certain conditions. 

The cellulose groups, as above, pass by imperceptible 
gradations into a heterogeneous class of natural products 
which, while possessing some of the characteristics of the 
celluloses proper, are so readily resolved by hydrolytic treat- 
ment that they must represent a very different constitutional 
type or types. To this group of complex carbohydrates the 
claBti-name Jiemicellulose has been assigned. They are struc- 
turally different from the fibrous celluloses, occurring mostly 
in the cellular form (parenchyma, etc.). They differ in physio- 
logical function and in b^ng readily resolved by hydrolysis 
into the crystalline monoses. 

II. 

We have now to deal with the complex gf groups in com- 
bination with the cellulose in the ligno-celluloses.^ They 
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are conveniently grouped under the neutral term “non- 
cellulose”; but in view of their leading characteristics, 
which are those of the di-ketones, or more particularly 
quinones, they are more aptly described by the term 
“ lignone.” 

A ligno-cellulose as a compound of cellulose and lignone 
is differentiated from cellulose in many important respects. 
First, in elementary composition it presents a striking 
contrast, as will be seen from the subjoined numbers : — 



Cellulose. 

Typical Liffiio-c 
Jute. Pino wood. 

olluloSPR. 

Jieochwood. 

Carbon . 

44-4 

47*0 

48*4 

49*1 

Hydrogen 

0*1 

6-1 

0-S 

6*2 

Ihygen . 

49-5 

40-9 

45*3 

44*7 


Applying a statistical calculation to one of the ligno-cellu- 
loses, we may conclude that the lignone complex is a body 
of much higher carbon contents (57 per cent.) than cellulose 
(44 per cent.). Thus : — 


Ligno-cellulose 

Jute 


Cellulose 


75 X 44 

loa 


Jjignone 


X 57 
100 


Carbon. 

SB-00 

14*25 


47-25 


Further we may calculate from the figures that the ratio of 
the elements in the lignone is approximately CeiHciOa 
expressed on a Ce unit. • 

Two reactions of the ^gnone are of importance in enablin'^ 
US to fix, this* empirical formula more closely, as well as 
certain constitutiSnal relationships. 
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Chlorine . — The lignone reacts quantitatively with chlor- 
ine, combining with the halogen, that is, in a characteristic 
and invariable proportion. In the case of jute this propor- 
tion is 8 per cent, of the ligno-cellulose, and an equal 
proportion is converted with hydrochloric acid. In' the 
woods, the chlorine combining is higher in proportion 
to the higher percentage of lignone groups; but the 
hydrochloric acid produced is much higher. The chlor- 
inated complex is soluble in certain neutral solvents, such 
as alcohol. The analysis of the chlorinated derivative 
obtained from jute establishes the formula CiglligCliOg, and 
the investigation of the reaction has shown that the lignone 
is integrally attacked. The chlorinated derivative reacts 
with sodium sulphite in aqueous solution, and is converted 
into a soluble sulphonated derivative, being quantitatively 
eliminated from the cellulose. This reaction is employed 
for the quantitative resolution of the ligno-cellulose and the 
estimation of its cellulose contents. The chlorinated group 
in the lignone derivative is identified as a quinone chloride, 
and the complex thereby definitely connected with the 
aromatic or benzene group of carbon compounds. The 
chlorinated group is converted by treatment with nascent 
hydrogen (zinc and sulphuric acid)‘ into a derivative of 
pyrogallol ; and the complex is thus closely related to 
the “ tannins,” -of which the trihydro xybenzenes are as 
characteristic constituent groups. Incidentally it has been 
shown that the lignone complex, in further contrast to 
cellulose* contains but a small proportion of free hydroxy 
groups. ‘ 

BMjihites , — The lignone reacts integrally and selectively 
with the bisulphites of the alkali and alkaline earth metals ; 
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a ligno-cellulose treated with solutions of these compounds 
at elevated temperatures and under pressure is quantita- 
tively resolved into cellulose obtained as an insoluble residue 
of the ultimate fibres, and soluble sulphonated derivatives 
of the lignone. This process is not only quantitative, but 
fulfils the further requirements of an economical industrial 
process, and it is therefore extensively employed in the 
preparation of wood cellulose or wood pulp from the woods 
of the coniferae. As an industrial process it will be fully 
described in a subsequent chapter. At this point wo are 
concerned with the nature and composition of the soluble 
by-products, which are, in effect, the lignones in combina- 
tion with the bisulphite residues. These compounds have 
beei. separated in various derivative forms and analysed, and 
the following empirical formulas have been established : 
(Cellulose, pp. 200, 201). 

From analyses of product precipitated by hydrochloric 
acid 

C24H24(CH3)2SOi2. 

From analyses of compounds obtained by precipitation with 
lead oxide 

C24H24(CH3)2SOi2. 

Brominated derivative ^ 

C24H22(C Hs) 2Br4SOll. 

The parent molecule or lignone complex of the wood may 
be taken to have the composition 

C24H24 (CH3) 20 iO- 

• 

The above reactions of the lignone complex are specially 
characteristic; they are. simple and quantitative, and as 
they are devoid of secondary complications, the derivatives 
are in simple relationship to the parent complex. But the 
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more complete characterisation of the lignone is necessarily 
based upon the study of reactions of decomposition. 

These are, however, extraordinarily complex, and in 
accordance with our present treatment of the subject, our 
description will be limited to a general outline. 

Chromic Acid in presence of a hydrolysing acid attacks 
the lignone complex in the cold. The reaction has been 
specially studied in the case of jute. The imi)ortant 
features of the decomposition is the complete breakdown to 
acid products of the lowest molecular weight — carhoi ic, 
formic, acetic and oxalic acids. This bears a direct 
interpretation in reference to the constitution of lignone ; 
it excludes hydrocarbon nuclei of any but the smallest 
dimensions, notwithstanding the large dimensions of ihe 
lignone formula ; and further implies a relatively higli 
proportion of CO groups, alternating in periods of short 
dimensions with hydrocarbon groups. When the reaction 
is applied to the ligno-cellulose the action is confined to 
the lignone, so far a^ it may be described as a destructive 
oxidation, but extends to the cellulose in converting it into 
an “ oxycellulose largely soluble in alkaline solutions. 

Nitric Acid attacks the ligno-celluloses at all concentra- 
tions and temperatures, and undermost conditions effects a 
destructive resolution of the lignone. Tije following are 
the results of a statistical investigation of the decomposition 
of jute ligno-cellulose : — 

, Lfjfno-celliiluse and Nitric. Acid (10% HNOs) at 60—60°. 

Cellulose a. Oxalic acid. Complex unstulilo acid. 

^ Solid products , 63 — 56% 40 — 55% 

Volatile products . Acetic and Formic acids (14 — 18%) 

Gaseous products . From HNOg Fro^i Ligno-cellulose 

Na04,NA,Na0,N2,IICN COa-CO-TlCN 
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Cellulose a is a more stable and resistant cellulose 
by contrast with cellulose /3 which is attacked under 
the above conditions, though resistant to chlorine, and 
therefore to the conditions of the process described on 
p. 59. 

This reaction has been the subject of various patents and 
attempts to develop upon it an industrial process for the 
preparation of cellulose. 

As regards the theoretical bearings of these results, the 
far-reaching resolution of the lignone under an attack 
which cannot be described otherwise than as of very 
moderate intensity, further confirms the conclusions as to 
the prevalence of CO groups in the lignone complex, 
alternating with hydrocarbon groups of relatively small 
dimensions. Of other acid resolutions we shall mention as 
yielding characteristic products : 

Hydrochloric Acid . — The aqueous acid at a concentration 
of 12 per cent. HCl (sp. gr. 106) determines a highly 
complex series of changes at the boiling point. Both the 
cellulose and lignone are profoundly attacked. The 
characteristic product is the volatile aldehydic substance 
furfural, which distils, ^nd maybe quantitatively estimated 
in the distillate. The yields of this aldehyde are charac- 
teristic of the various types of ligno-celluloses : — 

Average yields of furfural /Jute .... 8*0 

from typical ligno- 1 Beechwood . . 18*0 

celluloses. ( „ purif. Alkalis 12*C^ 

Coniferous woods . 4*0— 5*0. 

It may be not^^ that the furfural-yielding constituents 
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of the ligno-cellnlose occupy an intermediate position in 
function and relation between the lignone and cellulose. 
Thus in isolating the cellulose by the chlorination process, 
a cellulose is obtained which yields 6 — 8 per cent, .furfural 
on boiling with the acid ; this cellulose is the p cellulose 
mentioned on p. 61 . Further, on treating the ligno- 
cellulosea with alkaline hydrates in the cold, a constituent 
is dissolved, which is separated on acidifying the solution, 
as an amorphous colloidal precipitate. Beechwood yields 
this product in exceptional proportion. It is known as 
wood gum. It is characterised by its high yield of furfural, 
viz., 63 — 18 per cent, according to its degree of “ purity,” 
i.e,f the freedom from associated groups of the chai'acteristic 
component. This body is a “ Pentosan,” an anhydride 
of the Cs sugars, an analogue of starch, which may be 
regarded as an anhydride of the Co sugar dextrose. These 
Cs sugars do not occur free in the plant world ; but in the 
form of these amorphous and colloidal anhydrides are very 
widely distributed as constituents of plant tissues. The 
condensation to furfural as a main reaction, though 
characteristic of these C5 sugars, is not an exclusive 
constitutional index, and there are many possible group- 
ings which might undergo this condensation. It is there- 
fore usual to adopt the more general term of furfuroid 
in describing such plant or constituents as yield furfural ; 
the narrower identification as a pentosan depends upon 
the actual production of the Cs sugars as products of 
hydrolysis. 

Alkaline Decompositions . — The lignone group is attacked 
by alkaline solutions at elevated temperatures and tonverted 
into soluble derivatives, which are acid in character, but 
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for the most part of ill-defined constitution. The cellulose, 
resisting the action of these reagents, is separated and is 
obtained as a disintegrated mass of fibrous or cellular 
units, constituting a “ pulp.” Upon these decompositions 
are based an important group of industrial processes for 
the preparation of wood pulps, which will be found 
described. 

Having by this discussion obtained a general knowledge 
of the ligno-celluloses as chemical compounds, and also of 
the ultimate component groups of both lignone and cellulose, 
we are in a better position to deal with certain special 
properties and reactions of Ihe ligno-celluloses, either 
, evolved in the industrial applications of those products 
which they to some extent deli no and limit, or employed in 
their quantitative estimation when present as constituents 
of a fibrous mixture. 

Some of the characteristic reactions of the ligno-celluloses, 
about to be described, appear to be due to actual furfural 
derivatives present in the complex. The pentosans, on the 
other hand, if assumed to bo the mother substance of the 
furfural obtained, are saturated derivatives, and their 
composition and properties are such as would leave many 
of the characteristics of the lignone complex unaccounted 
for. 

Hydriodic Acid decomposes the ligno-celluloses with 
liberation of methyl iodide, and the production and estima- 
tion of this volatile product, is tfiken as the index and 
quantitative measure of methoxyl OCHa groups present in 
the ligno-cellulose. This ethereal group is a further 
** chemical constajit of lignification.” The percentages of 
ethereal methyl groups are remarkably uniform for a very 
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large range of woods or ligno-celluloses. The following 
have been determined (Cellulose, p. 189) : — 

A. Woods. 

CHh ii.cfc. 


Maple 


Stem 


Acer P&eudo-iManus, L. 

3-OG 



„ extracted ‘ 


11 >1 

3 05 



„ shavings . 


11 11 

306 

Acacia 


Branch . 


liohinia Pscud-Acacia, L 

2-37 



Extracted 


ii It 

2 45 

Birch 


3 years old 


Betula alba 

2-57 

Pear . 


Stem 


Pyrus communis, L. . 

3-21 

Oak . 


1» • • • 


Quercus pediincnlatus 

2.8G 





II •! 

2C3 

Alder . 




Alnus gluiinosa 

2-89 

Aah . 


Stem 


Frax'inus excelsior, L. 

2-71 

»» • 


Shavings from stem . 


1* )• 

2C9 

»i * 


Stem shavings extracted 


II II 

2-66 



Shavings from branches 


II II 

302 



(Shavings from branches) 


2-91 



( extracted 

•i 



Fir . 


Stem 


Abies excclsa 

2-15 





11 II • • 

2*25 



... 


II 11 • • 

2*39 

11 ■ 


,, (central zone) . 


11 11 • • 

. 2*59 

11 • 


»> (sfip aood) 


II 11 • • 

. 2-32 





Abies iicctniata, DC. 

. 2*46 

Pino . 


. • • • 


Piniis sylvestris, L. . 

. 2*25 



Stem 


Pinus laricis 

. 205 





II 11 • • 

. 212 

Cherry 


,, ... 


Primus Avium, L. . 

. 2*38 

Larch 


II ... 


Larix europoia, DC. . 

. 1-99 





11 11 • 

. 2*68 

Lime . 




Tilia parvifolia 

. 2*56 

Mahogany . 

II ... 


Swietenia Afahagoni, L. 

. 2 66 

Walnut 


II ... 


Juglans regia, L. 

. 2*27 

». ■ 


Shavings from stem 


II 11 • 

. 2-69 

Poplar 


Stem . . ^ . 


Populus alba . 

. 2*59 

Beech 


f» ... 


Fagus sylcatica 

. 3 02 

>1 • 


It ... 


II 11 • 

. 2-62 

A 

i» • 


„ shavings . . 


Hi II 

. 2*70 

1 “Extracted” signifies previously 

exhausted with water, 

alcohol 


and ether. Otherwise the specimens were analysed without previous 
preparation. 
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CHs p ct. 

Elm . . Stem . . . ^ Vlmus ctwipcstria . . 2 92 

. II shavings extracted . „ . . 2 75 

Willow . Salix alba . . . 2'31 

, B. Fibrous Products,— Natural and proparoJ. 


• 

Jute (Lignocelhilo&e) 1*87 

Swedish filter paper O’O 

Cotton 00 

Flax, unbleached Linum udtatissimum . 0 0 

Hemp Cannabis saliva . . 0*29 

China Grass, unbleached . . . Bohmeria nivea . . 007 

Sulphite (Cellulose) .... Pinus sylvestris . . 0 34 

0, Miscellaneous. 

Cork Quercus suber . . . 2-40 

II II II • . • 2’47 

Nutshells Juglans regia . . . 3*74 

Lignite (Wolfsberg) . . 2*44 

Brown coal 0*27 


In reference to actual molecular proportions it is to be 
noted that in the sulphonated derivatives obtained from 
the lignones of coniferous woods the proportion is indicated 
by the formula Ca4H24(CH8)2SOia. The localisations of 
these methyl groups is a present object of investigations ; 
and their presence is established in the celluloses isolated 
from the ligno-celluloifes. This is taken as an indication of 
a genetic relationship between cellulose and lignone. 

We may now set out the main features of the chemistry 
of the ligno-celluloses in a brief resume as follows : — 

With the typical characteristiqp of the celluloses as 
complex aggregates, the ligno-celluloses similaily react 
with the zinc chloride jeagents to form colloidal solutions ; 
also to form esters with nitric acid, acetic anhydride 
and benzoyl chlofide, respectively nitrates, acetates, and 

W.P. • 


p 
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benzoates. But such reactions are in the main those of 
the cellulose constituents of the complex, the latter remain- 
ing unresolved. The lignone groups with which the 
cellulose is combined or associated are sharply differen- 
tiated from the cellulose not only by higher carbon 'per- 
centage and low molecular proportion of OH groups, but 
by constitution; they are unsaturated, cyclic compounds, 
and hence react synthetically with chlorine, bisulphites 
and nitric oxides. 

They are greedy of oxygen, and are profoundly attacked by 
all oifldising agents, are even subject to progressive attack 
by atmospheric oxygen. Hence the ligno-celluloses as con- 
stituents of papers lower the qualities of these important 
industrial products, not only from their inferior intrinsic 
paper-making quality, but from the changes which take 
place as a result of atmospheric oxidation : these are, 
discoloration and loss of tenacity. Cellulose, as a satu- 
rated compound, is free from this cardinal defect, and we 
have practical evidence of this in the extraordinary 
resistance to atmospheric influences of papers and textiles 
which have been ' preserved to us from the Middle and 
earlier ages. 

Associated with these constitutional features we have a 
well marked and diversified dyeing capacity : the ligno- 
celluloses are dyed easily and by colouring matters of 
widely varying constitution, whereas the celluloses proper 
have a^selective or limited tinctorial capacity. 

As regards intrinsic “ colour,” the ligno-celluloses occur 
in forms which would be described* as grey, yellow or brown 
— but such colours are mostly due to associated by-products. 

When freed from these by certain standard methods of 
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** bleaching ” they assume a bright cream to whitish 
colour. But bleaching processes are based upon alkaline 
and oxidising treatments, to both of which the lignone con- 
stituents are extremely sensitive. Hence the limitations of 
lignb-cellulose textiles, such as jute, in respect of colour. 
The substance will not sufficiently resist the necessary treat- 
ments for a “ high bleach.” Another feature of inferiority 
is a joint product of the relative shortness of the ultimate 
fibre and want of resistance to the chemical actions of 
hydrolysis and oxidation. From a practical point of view 
the ligno-celluloses are composed of cellulose units of short 
dimensions (1—8 mm.) cemented together by the lignone 
components. When these are removed the fibre is disin- 
tegrated ; for it is evident that structural units of J in. length 
cannot cohere, and the strength of a yarn or fabric pre- 
senting this condition can only be that due to the adhesion 
of the fibres, as in a sheet of paper. When wetted the 
adhesion is reduced to a fractional proportion. Hence the 
bleaching of ligno-celluloses is a matter of practical com- 
promise, and a ligno-cellulose fabric, bleached or unbleached, 
is always tending, however slowly, to disintegration, as 
a result of the attack of the natural and all-pervading 
agencies oxygen and water. 

It is necessary for a thorough grasp of the chemical 
iechnology of the woods, to take the logical road of 
itudying the jute fibre as a structural type, and the jute 
ibre-substance as a typical liguo-ljellulose. Frejm the 
utter point of view it occupies the mean position between 
ihe celluloses and the •perennial woods, and it will be 
:ound to be generally true of the characteristic reactions 
)f- these substances. Thus jute is attacked by the 

F 2 
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cuprammonium reagent aqd for the most part dissolved ; 
but the ligno-celluloses of the woods are scarcely affected. 
Strong solutions of the caustic alkalis produce the effects 
of ** mercerisation ” upon jute and fibrous ligno-cellv loses of 
similar composition, but not upon the woods. MorecJver, 
if mercerised jute, retaining the soda (NaOH) be exposed 
to carbon bisulphide, synthesis of a xanthogenic acid 
occurs, as with the celluloses. But the reaction is compli- 
cated by the presence of the lignone groups, and the 
product, instead of being entirely soluble to a structureless 
solution, is swollen or distended by water to practically 
indefinite limits, and after being so distended, if then 
decomposed it reverts to a fibrous mass. In the case of 
the woods, on the other hand, there is no perceptible 
attack even on prolonged joint action of the alkali and 
carbon bisulphide. The higher proportion of lignone con- 
stituents in the woods, with decreased percentage of 
cellulose, has the effect, therefore, of producing a condition 
of resistance to reaction, or chemical inertness. Doubtless 
this is related to the physiological functions of the woods 
and their persistence during the prolonged period of life 
of trees; and this property of ipertness is attained by 
increase in groups which are highly reactive and extra- 
ordinarily “ labile.” The result appears to be paradoxical, 
and involves a natural equilibrium of obviously profound 
significance. 

Thro will be more fnWy appreciated from a consideration 
- of certain characteristic colour reactions of the ligno- 
celluloses, which are a certain idhasure of, being quantita- 
tively related to, their lignone constituents. 

Ferric Fenicyanide . — The red solijtion which results 
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from the interaction of ferric salts and alkaline ferri- 
cyanides in solution thus : — 

FeCls + KaFeCys = 3 KCl FeaCy^ 

• 

colours the ligno-celluloses a deep blue as a result of 
deoxidation of the ferric compound and reduction to the 
complex cyanides known as Prussian blue, Turnbulls 
blue, etc. These separating as colloidal hydrates are 
deposited in a state of intimate union with the ligno- 
cellulose substance, and in the case of the jute fibre it is 
easy to see by microscopic examination that the colloidal 
blue pigment is structurally incorporated with the fibre 
substance. The amount so combining may be 80 — 40 per 
cent, of its weight, without changing the external character- 
istics of the fibre, i.e., form and lustre. The reaction is of 
use in following the progressive elimination of the lignone 
constituents in the processes of isolating cellulose. 

Students who wish to follow up this interesting reaction 
are referred to Journ, Soc. Chem, Ind, 

Phenols, — The aldehydic and ketonic constitution of 
the ligno-celluloses determines characteristic reactions with 
aromatic hydroxy derivatives or phenols. One of these is 
exceptionally striking. 

Phloroglucol, the symmetrical trihydroxybenzene (CeHa . 
O^H . O^H . O^H) in solution in aqueous hydrochloric acid of 
1*06 sp. gr. reacts with production of coloured derivatives of 
magenta-red hue. • ^ 

The depth of colour developed is constant foj: any given 
ligno-cellulose, and may1)e used as a quantitative estimation 
of ligno-chlluloses in intimate admixture with non-reactive 
substances such cellulose. 
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Ordinary printing papers are a mixture of “ ground 
wood ” pulp, and “ chemical *’ pulp or cellulose, and the 
depth of coloration obtained in moistening with the 
“ phloroglucol reagent ” affords an approximate measure of 
the proportion of the former or ligno-cellulose. 

A closer study of the reaction has shown that it consists 
of two phases ; the coloured bodies result from a minor 
reaction reaching a maximum with less than 1 per cent, 
of the phenol per 100 parts of the ligno-cellulose: the 
major reaction takes place without development of colour 
and “ fixes ” a further 6 — 7 per cent, of the phenol in com- 
in ationas aproduct of condensation. The colour-reactions 
appear to be due to aldehydes of the furfural type, probably 
hydroxy furfurals. 

As a result of this further investigation a more strictly 
quantitative method has been devised which measures the 
total phenol combining, and by calculation the proportion of 
ligno-cellulose in mixtures. (See Ber, Deuts. Chem, Ges,, 
40, 3119, 1907.) 

Aromatic Bases, such as aniline and substituted anilines 
react with constituent groups of the ligno-cellulose complex, 
giving characteristic yellow to orange, colorations. 

With dimethylparaphenylenediamine the reaction is 
more striking, the colour developed being a ** magenta ” 
red. With the ligno-celluloses in their normal state the 
colorations are constant^ and are therefore an approximate 
quantitative measure of the proportion of ligno-cellulose in 
admixture with non-reacting substances such as cellulose. 
The method devised by Wurster consists in developing the 
colour reaction and comparing the depth of colour with a 
graduated scale of fixed tints. • 
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It is to be noted again that these reactions are not 
characteristic of the ligno-cellulose as such. Tliey are 
weakened by treatment of the ligno-celluloses with reagents 
of feeble intensity, such as sulphurous acid and sulphites 
under conditions which leave the ligno-cellulose itself 
unaffected. They are reactions, as in the case of the 
phenols, with by - product groups, invariably present. 
There is evidence that these groups are the same as those 
which react with the phenols. (See also Ber. Dents. Chem. 
Ges., 40, 3119.) 

LignO’CcUnlose and Photo-chemical Phenomena. 

We cannot close this theoretical account of the ligno- 
celluloses without introducing the researches of the late 
W. J. Eussell on “ The Action of W^ood on Photographic 
Plates in the Dark ” {Phil. Trans. B., 197, 281, 1904 ; also 
Proc. E. S. 7?., 78, 385 ; 80, 376). 

We are indebted to Mr. W. F. Bloch, who assisted 
Dr. Eussell in these investigations, for the following notes 
of their results : — 

Eussell found that the woods were able to give definite 
pictures upon a photographic plate, in absence of light. 

The action takes place when the wood is kept at a 
considerable distance from the plate ; but for perfect 
definition, contact was necessary. The pictures usually 
corresponded with the visible structure of the w'ood^ but in 
some cases there was a marked differentiation. 

This selective activity appeared to depend in part upon the 
resinous constituents of the wood and its disposition on the 
cells; but also i:|j part upon the nature of the cell- wall 
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structure itself, which in cases offered much resistance to 
the passage of the active bodies. 

On the evidence the active bodies must be regarded as 
an emanation, but differing entirely from radio-active 
emanations. 

All the properties ascertained identify the substance with 
hydrogen peroxide. 

Ordinary photographic dry-plates may be used to produce 
this effect ; care must be taken to select such as have been 
preserved in wrapping materials themselves unable to act 
upon the plates. 

The action takes place slowly at ordinary temperatures 
(one day to twenty-one days) according to the nature of the 
specimen, but rapidly at 50—55° C. (half to eighteen 
hours). 

The shorter exposures give sharper pictures, which 
observation accords with the conclusion that the active 
body is of the nature of a vapour or volatile compound. 

Bark and pith structure are almost inactive. Within the 
bark there is a bark-forming tissue, which gives alternate 
layers of active and inactive tissue. The latter was also 
found to have the property of being impervious to hydrogen 
peroxide. 

The activity of the woods is increased in all cases by 
exposure to strong light, and observations on the spectrum 
showed that the blue end was particularly active. 

The mcreased activity disappears on keeping the speci- 
mens after exposure in the dark. 

Eesinous substances extracted from a number of woods 
were found to be all more or less active. *■ Para-abietic acid 
was prepared and found to be particula^-ly active. It is 






Fig. 13c. — S pruce. Fig. 13d. — S cotch Fir. 
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well known that this body shows the phenomenon of aut- 
oxidation, which is no doubt associated with its unsaturated 
constitution. 

The .fossil resins show slight activity ; coal also shows 
activity, and attempts were made to apply this to the 
identification of different types of coal. 

Woods were exhaustively treated with resin solvents, hut 
were found to be still active, and the evidence goes to show 
that we are dealing with a doffnite property of the ligno- 
celluloses. 

It is to be noted that a short exposure to steam or to 
chlorine gas renders the wood substance inactive. 

The action is arrested in an atmosphere of carbonic gas, 
but is stimulated by the presence of oxygen. 

Experiments in which the active substance in sufficient 
mass was swept with a stream of air, and the current of air 
afterwards made to act upon a photographic plate at some 
distance, showed that the active substance could be carried 
forward. 

It was also found that diaphragms carrying any substance 
capable of absorbing and destroying hydrogen peroxide 
arrested the action. 

The investigation is still at this empirical stage. Kussell 
has left an interesting legacy of highly suggestive observa- 
tions, and the matter invites further investigation, as the 
exploration of the causes is calculated to throw a very 
important light on the natural cheSiical equilibrium of the 
ligno-celluloses. 
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WOOD PULPS IN RELATION TO SOURCES OP SUPPLY : FOREST 
TREES AND FORESTRY 

The use of wood pulp as a raw material for the manu- 
facture of paper is of comparatively recent origin, its 
commercial application for this purpose dating from 1869, 
when about 60 tons of mechanical -ground wood pulp 
were exported from Norway to England. In the following 
year the quantity rose to 500 tons, and from that year 
onward the industry has grown by leaps and bounds, the 
total amount of wood pulp imported in 1909 being over 
600,000 tons. 

At the present rate of consumption of wood for paper- 
making, the devastation of forest areas has become sa 
serious a matter that the Governments of the various 
countries in which these forests exist are taking vigorous 
steps in the first instance to prevent their absolute destruo- , 
tion, but further to secure a systematic upkeep. 

It is very difficult to arrive at accurate figures repre- 
senting4.he world’s pro3uction of wood pulp ; but from the 
semi-official published returns an approximate estimate may 
be obtained. In dealing with these^returns it is to be noted . 
that the systems of measurement, the methods of recording 
results, and the tabulation of the records are di&rent in 
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each country, and such figures are of little service unless 
reduced to some common standard of measurement. 

TARLE 1.1 

Showing Annual Production of Wood Pulp for Various 
Countries, Calculated on the Air Dry Rasis (1907—1908). 


CountiY. 

Mi^cliamcal pulp. 

CliPiuioal pulp. 

Totjil annual 

Air dry totiM. 

Air dry ions. 

inudiietiun. 

Germany . 

ai;),ooo 

3‘J0,000 

635,000 

Norway . 

-ILUjOOO 

270,000 

691,000 

Sweden 

78,000 

510,000 

588.000 

Finland . 

69,000 

52,000 

121,000 

America . 

8()S,000 

988,000 

1,856,000 

Canada 

56o,000 

172,000 

737,000 


2,316,000 

2,312,000 

4,628,000 


The most convenient unit which may bo taken as the 
basis of measurement for comparison is the “ cord” of wood, 
consisting of a number of short logs, each 4 feet long, piled 
up in a space 8 feet long and 4 feet high. Such a pile of 
logs measuring 8 feet X 4 feet X 4 feet = 128 cubic feet, 
is called a “ cord ” of wood. The unit of weight may be 
taken in terms of the English ton of 2,240 lbs. (See 
p. 85.) 

These figures do not convey even in such concrete 


1 The sources of information from vWiich Table I. has J)een com- 
piled are as follows Germany ; Figures giyen by Dr. Kirchner in 
“ Wochenblatt,” 1907. ^candinavia: Report British Wood Pulp 
Association, 1909. America : “ Wood Used for Pulp,” U.S. A. Bulletin. 
Canada Wood ^Ip in Canada,” official report, Geo. Johnston. 
Finland : Paper Trade Meview, 1908. 
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form any accurate picture of the extensive cutting opera- 
tions which are going on, for the manufacture of wood pulp. 
Some idea may possibly be obtained by attempting to 
estimate the number of standing trees felled to supply the 
quantity of pulp wood mentioned. This will vary in 
different countries according to the nature and size of the 
trees. According to general practice, the large trees are 
reserved for lumber and the manufacture of boards for 
building purposes, so that the trees used for pulp may be 
taken at an average diameter of about 9 inches. 

The ordinary spruce or pine tree of this diameter will 
yield three logs, each 16 feet long, and when the logs are 
cut into 4-feet lengths, twelve pieces. 

The number of pieces required to give a piled cord of 
128 cubic feet cai)ncity is about sixty, so that for each cord 
five trees would be necessary. 

Assuming that 1 ton of dry chemical pulp is obtained 
from 2^ cords of wood, and 1 ton of mechanical pulp from 
IJ cords of wood, then the total quantity of timber to be 
cut for the production of the amount of wood pulp shown 
in Table I. would be about eight million cords. 

A certain proportion of the trees cut are faulty and 
decayed, while some are lost in transit from the forest to 
the pulp mill, so that the actual number felled for pulp 
wood is somewhat in excess of the quantity indicated. In 
relation to forestry and the destruction of forests, we have 
to consider, in addition to the wood cut for pulp, the number 
of trees*^ required for timber, and the sum of these figures 
reaches formidable dimensions. 

Forest^j . — The available forest areas of different •countries 
have been given by Schlich as follows : — 
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TABLE 11. 


Country. 

Acres (millions). 

Canada 

800 

America 

400 

•Bussia 

500 

Austria-Hungary 

40 

Germany 

85 

Sweden 

41) 

Spain 

21 

Norway 

17 

France 

23 

Italy 

10 

Bouraania .... 

6 

Great Britain .... 

3 


The preservation of the forests in wood-producing 
countries is thus an acute problem, and of recent years the 
subject of afforestation has aroused considerable interest 
in England, especially in regard to the industrial possi- 
bilities ; but incidentally also as affecting rainfall, and 
therefore general agriculture. One of the most important 
questions, therefore, in this connection is the calculation of 
area necessary to BuJ)ply a mill continously with wood 
pulp. 

For example, What area of land planted with spruce and 
hard woods would be necessary to supply a mill having an 
output of 300 tons of newspaper jjer week ? 

This quantity of paper would require 200 tons of fliechani- 
cal pulp and 100 tons of sulphite pulp per week, amounting 
to an annual supply on a basis of fifty weeks’ work, of 
10,000 tons mechanical pulp and 6,000 tons sulphite pulp. 
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Taking; 1} cords of wood as the quantity required for 1 ton 
of mechanical pulp and cords of wood for 1 ton dry 
sulphite pulp, the annual supply of wood necessary is 
12,500 cords for mechanical, and 11,250 cords for sulphite 
pulp, or an approximate total of 25,000 cords. 

The actual amount of spruce or pulp-producing woods 
per acre varies enormously in different countries and in 
different localities, and it is difficult to fix an average. In 
thickly wooded areas which have not been cut over, the 
quantity frequently reaches 40 to 50 cords per acre ; but on 
timber lands which have been continuously “ operated ” the 
amount may not exceed 8 to 4 cords. 

Taking 10 cords to the acre as a moderate and probable 
allowance, then in the above case 2,500 acres would be 
required to give the wood pulp necessary for one year. If 
the total forest area was 100,000 acres, then the timber 
available would be sufficient for forty years’ supply. During 
that period the spruce largely reproduces itself, so that by 
progressive and careful management of the forest in the 
matter of planting and reproduction, an area of 100,000 
acres should afford a perpetual supply to the mill quoted. 

Mr. Parker Smith, in a paper entitled “ Afforestation,” 
read before the English Paper Makers' Association, 1910, 
says that at the Canadian Convention one manufacturer 
stated he could run his mill perpetually on a grant of 
25,000 acres, which would permit of his cutting on a forty 
years’ rotation, and yiejjd, on a basis of 10 tons of pulp per 
acre, a total of 6,000 tons annually. 

Comparing this statement with the one already quoted, 
and assuming that the 6,000 tons consisted of 4^000 tons 
mechanical pulp and 2,000 tons sulphite pulp, the weekly , 
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production of the mill worlis out at 120 tons of paper per 
week, requiring* 10,000 cords of pulp wood. On this com- 
putation the manufacturer referred to was calculating the 
quantity of pulp wood per acre to be 16 cords. 

Pinchot, the well-known American forestry expert, has 
carried out some valuable and elaborate experiments on the 
subject of the growth of spruce. A large area of forest land 
was carefully examined for the nature of the timber, its 
condition, growth, and other important information. 
Careful attention was given to the rate of the growth of the 
timber both in the virgin forest and also on areas which 
had been previously “operated” for timber. The data 
obtained in this investigation enabled Mr. Pinchot to con- 
struct tables showing the amount of timber which could be 
cut from the forest, and the number of years which would 
elapse before an equal quantity of timber could be cut 
from the same area. One example of this will be 
sufficient : — 

A man owns 100,000 acres, yielding on an average 7 
cords per acre of spruce 10 inches and over in diameter. 
How much can he cut annually if he wishes to obtain 
a sustained annual yield, and how soon can he return 
to the portion cut over the first year, and cut the same 
amount of timber about the same diameter limit as at 
first ? 

In the tables published by Mr. Pinchot the total amount 
of wood with a diameter limit o^ 10 inches appears to be 
100,000 X 7 cords = 700,000 cords, while the same yield 
of pulp wood could be obtained after thirty-seven years. 
The area to be ojierated annually will be 100,000 ~ 87, 
namely, 2,700 acres. The annual cut of wood will be 

W,P. 


Q 
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00,000 ~ 37 = 19,000 cords. This illustration, taken at 
andom from the experiments of Mr. Pinchot, coincides 
losely with the other cases quoted, and if the diameter 
imit was reduced to 9 inches a larger annual cut would 
lave been obtained. 

The problem of forestry has been studied and worked 
lut on a successful commercial basis in several European 
ountries. In Saxony, for example, the State control of an 
irea of 430,000 acres has resulted in a large and profitable 
urnover, giving a steady revenue of increasing amount, as 
^ell as constant employment to skilled labour. In fifty 
rears the State has realised the sum of ct40,000,t)00, and 
he careful scientific methods of cutting, aided by proper 
ittention to means for reproduction, has improved the 
[uantity and quality of available timber. At a recent 
neeting of the Canadian Forestry Convention it was shown 
hat the amount of standing timber in the State of Saxony 
lad increased by 16 per cent., even during the period of 
ionstant cutting, and that the net revenue was 22s. as 
iompared with 4s. fifty years previously. 

The same satisfactory results are shown by other 
jountries in which forestry as a cornmercial undertaking 
las been treated seriously. 

In England the matter has been under consideration 
;or some time, and the Report* of the Committee on Re- 
ifforestation, issued in 1909, is full of useful and 
luggestiye evidence. It*'is interesting to note that the 
waterworks committees of several large municipal corpora- 
lons, such as Liverpool, Manchester and Birmingham, 
lave taken up the question, primarily for the purpose of 
jonserving the rainfall incidental to the watershed under 
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control, and then turning the large areas thus acquired 
for maintaining the water supply to^useful account by 
planting trees. 

The attractiveness of afforestation in the United Kingdom 
is filearly shown by the Committee’s report. The con- 
clusions arrived at are briefly — 

1. Afforestation is a practicable scheme, the available 
area in the United Kingdom being 9,000,000 acres. 

‘2. The best rotation to secure a continuous yield of wood 
requires 150,000 acres to be dealt with annually. 

8. Afforestation is a productive investment for the 
development of the full scheme, for 9,000,000 acres 
would require an annual sum of £2,000,000. The net 
deficit would be £90,000 in the first year, rising pro- 
gressively to £3,131,250 in the fortieth year, in which 
period the forest becomes more than self-supporting. 

4. After eighty years the net revenue at present prices 
for timber should be £17,500,000. This represents 3J per 
cent, on the net cost calculated at accumulating compound 
interest at 3 per cent. 

6. Afforestation creates a new industry which does not 
compete with private enterprise, and would afford permanent 
employment to one man per hundred acres, and temporary 
employment to a large number of men during the winter 
months. 

Cost of Afforesmion^^^he Committee gives the following 
example : — • 

We assume, as regards expenses, that : — 

1. 150,000 acres are*annually afforested for sixty years> 
and that' the cost .of the freehold and expenses of afforesta- 
tion amount to ^13 6s. Sd. per acre, 

G 2 
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2. The annual outlay for administrative expenses is 4«. 
per acre. 

3. One-third of the area is worked on a forty years 
rotation, and two-thirds on an eighty years’ rotation., 

4. The cost of re-afforestation is £6 10s. per acre ; and 

6. The rate of interest is 3 per cent, per annum. 

We further assume, as regards receipts, that — 

1. Thinnings take place at the end of the twentieth year 
and at the end of each successive decade from the date of 
planting. 

2. The net receipts for the initial thinnings amount to 
2s. (jd, per acre, and for the succeeding thinnings are at 
the rate of ^8, ^£6, J69, J012, and £15 per acre respectively. 

8. The area which is afforested on an eighty years’ 
rotation yields £175 per acre on being clear-felled at the 
end of eighty years. 

4. The area which is afforested on a forty years’ rotation 
yields £60 per acre on being clear-felled at the end of forty 
years ; and 

5. The rate of interest is 8 per cent, per annum. 

The annual deficit on the transaction rises from £90,000 
in the first to £8,131,250 in the fortieth year; in the 
forty-first and up to the sixtieth year the forest becomes 
practically self-supporting ; in the sixty-first year, and sub- 
sequently, an increased revenue is received, but it is not 
until the eighty-first year that the full results are obtained ; 
in this ^ear and subsequently an approximate equalised 
revenue of £17,411,000 per annum being realised. Further 
calculations show that the value of ^he property would then 
be £562,075,000, or £106,993,000 over apd above* the coet 
of its creation. The equalised annual revenue of £17,411,000 
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represents a yield of ^3 16s. Gd. (approximately) per cent, 
on the excess of accumulated charges over receipts. 

Measurement of Pulp Wood . — The systems for measuring 
wood nsed in the manufacture of pulp differ in the several 
countries. 

Scandinavia . — The wood is measured in terms of fathoms 
or of cubic metres, the price paid for raw material being 
determined by reference to a table showing the sum to be 
paid for logs of varying lengths and varying diameters. 

One fathom = 6 feet. 

One cubic fathom = 216 cubic feet. 

Gcrmanif . — Wood is usually measured in Oermany and 
other Continental countries by the cubic metre. A cubic 
metre of piled logs is called a llaummeter, the amount of 
actual solid wood contained in the pile being known as a 
Festmeter, the relation between these measurements being 

One Raummeter = 0*77 Festmeter. 

One cubic metre = 35 Sid cubic feet. 

America . — Many systems are in use, the most common 
being the measurement by cords. A cord is a pile of logs 
8 feet long, 4 feet wid® and 4 feet high. 

One cord piled logs = 128 cubic feet. 

Canada . — Measurements are also based upon the use of 
a cord of wood, in two ways, the first being the piled cord 
of 128 cubic feet and the second a solid cord which is the 
amount of solid wood contained in a piled cord, the relations 
being as follows ; • 

One 'piled cord = 128 cubic feet in the whole pile. 

One solid cord = 116 cubic feet of solid wood. 
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This measurement of a solid cord has been estab- 
lished by the government of the province of Ontario, 
and was arrived at by means of a large number of 
special experiments carried out for the purpose of restab- 
lishing a common standard of measurement. It Hoes 
not represent accurately the total amount of solid wood 
in an ordinary cord of 128 cubic feet, but it is a figure 
which has been selected as the standard for the payment 
of dues. 

In the province of Quebec a cord of pulp wood is con- 
sidered equal to 600 feet board measure, which relation was 
determined by a series of elaborate tests instituted for 
finding the amount of useful timber obtained from logs 
intended for lumber. This relation is used as a basis for 
calculating payments due to government, and does not 
necessarily represent the true equivalent, which varies 
according to the size of the log. 

The true measurement of the amount of wood in the logs 
is best secured by determining the actual cubical contents 
of each log separately. By this means all errors due to 
methods of piling the logs in stacks or to the varying 
lengths of the logs, is easily avoided.^ 

The importance of this question is easily shown in the 
following test made by an expert. 

Forty-two logs, each 16 feet long, were piled up carefully 
in a rack, the measurement of the wood being exactly three 
piled cards or 884 cubic feet. The 16 feet logs, after being 
measured and piled, were cut in half and again piled. The 
stack was measured and then the logs were again halved, 
giving pieces 4 feet long, which were ’ stacked* up and 
measured. Finally the pieces were reduced to a length 
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of 2 feet, and the process of stacking and measuring 
repeated. The results are set out in Table I. 

TAPLE L 


Iso. of 
pioccs. 

LfiiKtli, 

li'.'t. 

Diinonsiun.s of pilo. 

No. of 
pilofi fouls. 

Uatio. 

‘12 

10 

10 X 10 X 4 

3-00 

100 

84 

8 

1 X 0 X 7‘5 

2-81 

93-7 

1(58 

4 

4 X 12 X 7-10 

2-09 

89-7 

3.4(5 

2 

2 X 12 X 13-83 

2-39 

80-3 


The effect of the closer packing rendered possible by the 
reduction of length in the log is plainly shown in this table. 
Thus 100 piled cords of wood measured in 16 feet lengths 
only measured 80*7 when reduced to 4 feet. The latter is 
a customary unit of measurement for pulp wood. Even in 
the case of wood cut in 8 feet or 4 feet lengths there would 
be a difference of four cords in the measurement, according 
to the length into which the logs are cut. This figure will 
naturally vary wdth different logs, and cannot be accepted 
as being applicable to all kinds of wood whether of large or 
small diameter. 

The practical effect is also shown in Table II. 


TAPLE II. 


Length of 

piHCPS. 

Feet. 

Piled cords 
ohlniiied 
tioni 100 
solid cords. 

No. of pieces 
leqtiii'ed to 
Ki\e piled 
coid. 

Weight of a 
piled coul. 
lb.s. 

• 

Extia 16 ft. logs 
rpi[uired to gixe 
the piled coni of 
staled leiigtlis. 

No. of 
cubic feet 
ill piled 
cold. 

10 

137 

14 

3,3oo 

0 

84-3 

8 

128 

•30 

3,o80 

1 

90-0 

4 . 

122 

61 

3.740 

li 

94-0 

2 

118 • 

— * — 

129 

3,880 

2 

97-0 
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This table is interesting as showing the exact result, in a 
practical manner, of reducing the length of the log, the 
difference being shown not only in the weight of the wood, 
but also in the very concrete fact that an extra log Of two 
is required to make up the reduction. 

TABLE OP EQUIVALENTS. 



‘Ciiluc 

fathoms. 

Cubic 

feet. 

Cubic 

metros. 

Colds. 

One cubic fathom is 

— 

216 

6*113 

1*0687 

One cuiuc foot is . 

0’0046;3 

— 

0*283 

0*00781 

One cubic metre is 


35*314 

— 

0*276 

One cord js . 

()-592() 

128 

3*6224 



Wood Pulp Trees. 

The chief woods used for the manufacture of pulp are the 
species of spruce, fir and pines for sul\)hite and mechanical 
pulps, the aspen, poplar and other deciduous trees for soda 
pulps. The conifers are also used for the manufacture of 
soda and sulphate pulps. For wrappers and fibre papers, 
hemlock is used in considerable quantity. 

The following is an alphabetical list of common woods, 
many of which, however, find no place at present in the wood 
pulp industry. These are printed in italics in the name 
column. 
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Common name. 

Botanical name. 

German. 

s ^ 
Kt 

CO tt 

Weij;ht of 
cubic foot 
m lbs- 

Acacia. . 

Robinia pseudacacia 

Schotendorn 

■7d 

45-7 

Alder \ 

Alnus glutinosa 

Uemeine-erle 



• 

(Roth-erle) 

•46 

29^0 

Aah 

Fraxinus excelsior 

Weiss- esche 

■65 

40-8 

,, Mountain 





Aah 

Pyrus aucupaiia 

Eber-esche 

•54 

34-0 

Aspen . 

Poj)ulus tremula 

Zitter-pappol 

(Aspenholz) 

•50 

31-3 

Balsam . 

Abies Fraseri 

•66 

22-2 

Basfjwood 

Tilia Americana 

Linde 

•45 

28-2 

Beech 

Fagus silvatica 

Rotbuche 

*75 

46-8 

Birch 

.Betula alba 

Hirkon-holz 

•64 

40-0 

Chestnut . 

Castanoa sativa 

Kastanjo 

•45 

28-1 

Cottonwood 

Popiilus monilifera 

Wollpappel 

•39 

24-2 

Crack Willov) . 

Salix fragilia 

Bruchweide 

•45 

28^3 

^htpress . 

Taxidiam distichum 

Cypresse 

•45 

28-3 

Blm • • 

Ulmus campestris 

Steinlinde (Roth- 



Fir 


riister) 

•69 

43^3 

Picea excelsa 

Fichte. Fohre 

•49 

30^0 

,, Silver Fir 





(India) 

„ Silver Fir 

■Abies pindrow 

Tannenholz-Tanne 

•46 

29*0 

(Europe) 

Abies pectinata 

Tannelholz-Tanne 

•49 

30^0 

Hemlock 

Abies canadiensis 

Schierlingstanne 

•42 

26-4 

Hornheam 

Carpinus betulus 

Weis.sbuche 



Larch . 

(Ilagebuche) 

•72 

450 

Larix Europea 

Lorche 

•74 

46-1 

Maple 

Acer dasycarpum 

Ahorn 

•52 

32-8 

Paper Birch . 
Pines 

•Betula papyrifora 

Kiefer. Nadelholz 

•60 

37-1 

Black Pine . 

Pinus ausfltiaca 

Schwarzfohre 

•67 

35-4 

White Pine . 

Pinus strobus 

Wehmuthskiefer 

•38 

240 

Pitch Pine . 

Pm us palustris 

Gelbkiefer 

•70 

43-6 

Poplar . 

Populus 

Pappel 

Silberpappel 

•40 

25-6 

White Poplar 

Populus alba 

•48 

30-0 

Black Poplar 
Sallow ( Willow) 

Populus nigra 

Salix caprma 

Schwarzpappel 

Sahlwoide 

•48 

•65 

300 

350 

Sandalwood 

Sautalum album 

Santalholz 

•sifi 

60-0 

Spruce . 

Picea excelsa 

Fichte (Tanne) 

•42 

26-7 

White Spruce 

Picea alba 

Weisstanne 

•40 

25-2 

Tamarac 

Larix ameritana 

Lorche 

‘62 

38’9 

WUlow . ^ , 

Salix nigra 

Weide 

•44 

27-7 


Conifer©. Cone-bearing trees . . . Nadelholz. 

Deciduous or leal-bearing trees . . . Laubholz. 
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The History of Mechanical Wood Pulp , — The possibility 
of using wood for j)apermaking seems to have been 
deduced from the Ueaumur observation that wasps build 
their nests from partially decayed wood which they obtained 
from trees or timber. Tn 1765 J. C. Schaffer, a prfest in 
Eegensburg, published a book containing samples of paper 
made from many raw materials, and referring especially to 
wood, wrote: “it must be possible, though with different 
methods, to make paperstuff from wood and consequently 
use it instead of the ordinary rags for paper making.” 

This is an interesting statement in view of the fact that 
nothing was then known of the use of alkalies or other 
chemical agents for reducing fibrous materials to pulp. 

Schaffer experimented with the material of the wasps* 
nest, with sawdust and shavings. From some seven or 
eight species of wood he made excellent sheets of paper, 
having regard to the means at his disposal. He published 
a second edition of his book, entitled, “ Siimtliche Papier- 
versuche-Nebst 81 Mustern und 13 Kupfertafeln,” in 1772, 
and enlisted the services of a papermaker, Meckenhauser, 
to enable him to produce some better results. 

In 1800 Matthias Koops, a Dutchman, published a book 
which he printed on paper made from straw pulp and 
dedicated to King George III. He added an appendix to 
his work which was printed on paper made entirely of wood 
pulp, an idea suggested to him no doubt by the work of 
J. C. Schaffer. Koops^as a man of some enterprise, for he 
also issued a work on paper made entirely from old waste 
paper, this being probably the first attempt to utilise old 
waste material for such a purpose. 

In 1840 Friedrich G. Keller, a young weaver of Haynich, 
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in Saxony, reading in a scientific journal of the great 
scarcity of rags as material for paperniaking, resolved to 
keep his eyes open for a substitute. In 1843 his attention 
was called to the remarkable paperlike appearance of the 
wasps* nest, and recollecting that in bis school days be had 
ground down cherry stones on an ordinary grindstone in 
order to make a cherry chain, he tried the effect of holding 
a piece of wood against the revolving stone. To his great 
delight the experiment was successful, and he collected the 
fibres so isolated from the wood and made a minute piece 
of paper. 

Keller continued his experiments, and in 1814 manu- 
factured about 2 to 3 cwt. of pulp, which was beaten up 
with rag pulp and made into paper. In 1815 he parted 
with the secret of his process, and disposed of it to Heinrich 
Volter for the sum of 700 thaler (£140) ! 

The progress of the new method was somewhat slow, but 
improvements, including the necessary treatment for refining 
the pulp, or removing the coarse chips, were introduced, 
and towards 1860 the process was put on a more satisfactory 
footing. In 1862 Volter was awarded the medal of the 
International Arts and Industries Exhibition in London. 

Between 1862 and f865 seven or eight pulp mills were 
erected in Germany and Scandinavia and the manufacture 
of ground wood pulp on a large scale became an accomplished 
fact. 

History of Chemical Wood Pw/p.— The early attei^ts of 
Koops in 1800 to utilise straw, and his few experiments 
with wood as substitutes for rag, may be regarded as the 
starting pbint in the history of chemical wood pulp. The 
materials were piybably boiled with some crude soda ley 
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and subsequently beaten into pulp. About this period soda 
ash, caustic soda, chlorine and bleaching powder and other 
chemicals had been introduced to the manufacturing world, 
so that the possibilities for reducing vegetable products to 
the condition of pulp were much greater. 

In 1857 Houghton patented a process for digesting wood 
with caustic soda at high temperatures in closed vessels. 

In 1863, Tilghraann, an American chemist, suggested 
the use of a solution of sulphurous acid gas. His early 
experiments were carried out in lead-lined vessels, but the 
work was abandoned owing to difficulties connected with 
the construction of suitable digesters. 

As Tilghmann was the inventor of a process which has 
become the basis of a large and important industry, the 
following pjrcis of his first patent, as given by Mr. A. H. 
Little, may be quoted as having a peculiar interest : — 

The process of treating vegetable substances which contain fibres 
with a solution of sulphurous acid in water, either with or without the 
addition of sulphites or other salts of etpiivalent chemical properties 
as above explained, heated in a closed vessel, under pressure, to a 
temperature sufficient to cause it to dissolve the intercellular incnisting 
or cementing constituents of said vegetable substances, so as to leave 
the undissolved produce in a fibrous state, suitable for the manufacture 
of paper, paper pulp, cellulose, or fibres, orior other purposes, according 
to the nature of the material employed. 

I also claim as new articles of manufacture the two products 
obtained by treating vegetable substances which contain fibres with a 
solution of sulphurous acid in water, either with or without the 
addition of sulphites or otter salts of equivalent chemical properties, 
as abo^e explained, heated in a closed vessel, under pressure, to a 
temperature sufficient to cause it to dissolve the intercellular or 
incrusting constituents of said vegetable substances, one of said 
products being soluble in water, and containing the elements of the 
starchy, gummy, and saline constituents of the plants, and the 
other product being an insoluble fibrous material, applicable to the 
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manufacture of paper, cellulose or fil)ros, or to other piirposf s, 
according to the nature of the insiteriul employed. 

1 also claim the use and application, in the manufacture of paper, 
paper pulp, cellulose and lihres, of the fibrous material produced by 
treating wjgetable substances which contain fibres with a solution of 
sulphurbiis acid in water, either with or without the addition of 
sulphites or other silts, of equivalent chemic'al prop(‘rtics as above 
exi)lainod, heated in a closed vessel, under presMire, to a temperature 
sufficient to cause it to dissolve the incrusting or intercellular con- 
fitituents of said vegetable substances. 

1 also claim the use and application of sulphites or other salts of 
equivalent chemical properties as above expLiined, in rombination 
with a solutiou of sul[ihur()us acid in water, as an agent in treating 
vegetahlo substances which contain fibres, wbcii heated therewith in a 
close vessel, under pressure, to a temperature sufficient to caiists the 
■aid aeid solution to flissolvo the intercellular or incrusting constituents 
<1 aul V(‘getablo substances. 

i also claim the re(‘.overy and re-use of sulpburous acid and sulphile 
from the acid liquids which have been digested on the vegetable 
fibrous substancos, by boiling said liquids or neutralising them with 
hydrate of lime. 

Tn 1872* Ekman had developed a process which was 
commercially successful, and this was introduced into 
England, at Tlford, Essex, about 1884, a mill being erected 
a few years later at Northfleet in Kent for the treatment of 
wood by means of bi-sul^hitc of magnesia. 

In 1876, Mitscherlich, a celebrated German chemist, 
experimented with sulphurous acid and devised a method 
for converting wood into pulp by cooking under low pressure 
for a long period, producing a half-stuff eminently suitable 
for certain classes of paper. 

Numerous and extensive modifications of the original 
Tilghmann sulphite procesTi have resulted in the evolution of 
an industry 'typical of modern chemical engineering. Such 
modifications refer ^o details of working, more particularly 
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to the type of boiler or digestor, to economy in the amount 
of sulphur used, to improving or varying the quality of 
the pulp, and to general efficiency, and are of subordinate 
historical interest. 

There has been a good deal of controversy as to the 
priority of original invention of this most important indus- 
trial development. It has always appeared to us that while 
Tilghmann is the pioneer from the technological stand- 
point, on the clear and specific claims of his patent above 
set forth, the practical and industrial pioneers were George 
Fry and his collaborator Ekman. Some years in advance 
of the bi-sulphite process (1869) Fry investigated the action 
of water only at high temperatures and pressures, paying 
particular attention to the volatile by-products of the 
complex reactions; and in this investigation secured the 
collaboration of the late Greville Williams, who identified 
furfural amongst the products of decomposition of the ligno- 
cellulose. 

Finding that the resolution of the wood under these 
conditions was limited by the influences of oxidation and 
condensation, it was then suggested by Fry to Ekman, who 
had become associated with these, researches, to seek for a 
new chemical condition to antagonise these influences. In 
this path of logical though empirical evolution this group 
of pioneers may be held to have independently discovered 
the bi-sulphite process ; and Ekman, with George Fry, had 
the satisfaction of working the process to an industrial and 
commercial success at Bergvik, Sweden, then at Ilford, and 
lastly at Northfleet, 

The following is a chronological list* of inventions for the 
preparation of pulp from wood by chemical reactions ■ 
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Yfiar. 

Xnme. 

Troccss. 

18-40 

Payen 

Nitric Acid 

18.V2 

•» Coupior & Mellier 

Soda 

18.j;3 • 

Watt & Burgess 

Alkalis 

18oj 

Jiillion 

Alkaline salts 

18.>7 

lleughtou 

Alkalis 

1S()1 

Burro & Blondel 

Dilute acids 

1864 

Brtchet &, Machard 

Acids 

1S()() 

Tilghmann 

Sul])hurouH Acid and salts 

1807 


W ater at high temperatures 

1870 

Lknian 

^lagnesium Sulphite 

1870 

Drosel 

Soda 

1871 

E. Mitscherlieh 

Sulphiu-ous Acid and salts 

1872 

TJngcror 

Soda 

1872 

Eotter-Kellner 

Sulidinrous Acid and salts 

1880 

Cross 

Water and neutral sulphites 

1881 

Fra 11 eke 

Sulphurous Acid and salts 

1882 

Pictet & Brelay 

Sulphurous Acid 

1882 

Graham 

Sulphurous Acid and salts 

1883 

Blitz 

Alkalis and sulphites 

1883 

Dahl 

Sulphates and sulphides 

1883 

Kellner 

Klcctrolytic process 

1890 

Lifsehutz 

Nitric and sulphuric acids 

1894 

Cross 

Nitric Acid — dilute 
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THE MANUFACTURE OF MECHANICAL WOOD PULP 

The term “mechanical” or “ground” wood pulp is 
applied to pulp which lias been prepared by a mechanical 
jirocess. The i^rinciplo of the operation is merely tlie dis- 
integration of wood into fibres by means of a grindstone, 
the wood being brought into contact with the stone as it 
revolves. The conditions of iiianufactuie are capable of 
considerable modiiication so that various grades and 
qualities of product are possible. 

Preparation of Wood , — The logs of wood, which have 
been brought to the mill from tlie timber limits or other 
sources, and which vary in length from 10 to 16 feet, are 
first reduced to a uniform length of 24 inches by means of 
large circular saws. 

The arrangements in a modern pulp mill for handling 
the logs and preparing them for conversion into pulp call 
for considerable skill afid attention in order to produce the 
optimum result at minimum cost. 

The short pieces of wood are automatically conveyed to 
the “barking” room and there deprived of the outer bark. 
The ’‘machine used for this purpose consists of a heavy 
circular iron disc enclosed in a strong casing. The 
disc is provided with three knives projecting from the 
surface of the disc in such a manner. that when the short 
pieces of wood are pressed against the surface of the disc, 



MECHANICAL WOOD PEEP 


97 


as it revolves, they are completely denuded of the bark 
itself. A considerable proportion of wood is lost in this 
process, the amount varying from 15 to 25 per cent., 
according to the size and condition of the logs. The bark 
is generally burnt in special ovens and utilised as fuel. 

The clean pieces of wood may be employed for the manu- 
facture of either mechanical oi- chemical wood pulp and 
in practice the pieces are oflen sorted out, the clean wood 
free from dirt and knots being reserved for chemical pulp, 
and the inferior wood being converted into mechanical 
wood pulp. 

Cold-ground Pulp . — When the wood is ground into fibres 
in the presence of a largo excess of water, a fine even pulp 
oi uniform quality is produced. This pulp is known as 

cold-ground ” in contradistinction to “ hot-ground ” 
pulp, which is produced under the condition of high tem- 
perature (infra). 

Ihe machine used for the manufacture of the cold ground 
pulp consists of a horizontal grindstone, usually 60 inches 
in diameter and with 27 inches breadth of face, mounted 
on a heavy vertical shaft and encased in a strong cast-iron 
circular box, as shown in Fig. 14. Around the circumference 
of the box there are 8. number of recesses or “ pockets ” 
in which the short 2 feet pieces of wood are placed 
The wood is pressed against the surface of the rotating 
grindstone by pistons operating under hydraulic pressure, 
water being continuously applied to the surface of the 
stone so that the disintegrated fibres are carried away 
from the stone into storage reservoirs for subsequent 
treatment. 

Hot-ground Pulp.— y/hm the quantity of water flowing 

W.P. ' 

H 
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to the grindstone is reduced to a minimum then the tempera- 
ture of the mass in contact uith the stone rises rapidly on 
account of the friction, and tlie wood is thus ground to pulp 



A 



under bntirely different conditions. The fibres are readily 
torn away from the wood, and produce a j)ulp which is much 
coarser than the cold-ground pulp, the fibres being longer. 
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The machine used for the manufacture of this pulp 
consists of a grindstone mounted in a vertical position on a 
horizontal shaft, operated by a water turbine. The si one 
is enclosed in a circular iron casing provided with “ pockets” 
into which the blocks of wood are placed. The pieces of 
wood are forced against the surface of the stone by hydraulic 
pressure. 

The water is supplied to the grindstone in limited 
quantity, just sufficient being used to prevent the pulp 
from being burnt or spoilt. The temperature frequently 
rises to 150*^ Fahr., owing partly to the greater pressure of 
the wood against the stone, and also by the conditions 
under which a limited supply of water is used. Pulp of 
this kind works freely on a fast-running news machine — 
that is, as the pulp and water flow on to the wire of the 
paper machine the water drains quickly and freely through 
ihff meshes of the wire, and thus makes it possible for the 
machine to bo operated at a high speed. Many of the paper 
machines used for the manufacture of “ news ” with pulp of 
this character can be run at a speed of 500 to 600 feet per 
minute. 

The quantity and quality of tho pulp produced as con- 
trolled by the conditions of grinding depend on 

(1) The sharpness of the stones ; 

(2) The pressure applied to the blocks of wood ; 

(3) The temperature of the mass ; 

(4) The method of applying the wood to the stone. 

In general terms, the quantity of the pulp is increased by 
the use of sharp stones and the application of pressure, the 
yield being highest* with wood treated by the hot-ground 
process. 

n 2 
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The coarseness of mechanical wood pulp is merely a 
relative term, for it is possible to have a badly-ground wood 
pulp well screened, giving a coarse material of ah even 
uniform grade, or, on the other hand, a well-ground wood 
badly screened giving a high-class pulp, spoilt by the 
presence of long chips or slivers which have not been 
removed. Such slivers in pulp are a fruitful source of 

breaks ” on the paper machine, since they locally reduce 
the tensile strength of the web. Coarse pulp of a uniform 
grade does not produce ‘‘ breaks,” but the fibres do not lie 
closely in the surface of the paper, with the result that a 
large quantity of “fluff” is produced on the typo of the 
rotary printing presses. 

The output of a grinder is increased by sharpening the 
stone and by increasing the pressure applied to the blocks 
of wood. The effect of using sharp stones is clearly 
indicated by the following experimental results, obtained 
from two or three pulp mills : — 


MiIU 

I’oiiiKh of wooil tK'.iled poi hour. 

llatios. 

Dull stoiips. 

1 Shaip '>touns. 

1 

1 Dull atones. 

Sliarj) stones. 

A 

410 

< 

680 

100 

Iu3 

B 

637 

1061 

100 

167 

C 

628 

830 

100 

138 


The amount of wood pulp obtained from a grinder depends 
chiefly upon the pressure applied to the wood in contact 
with the stone, as shown by Kirchnor’s elaborate experi- 
ments tabulated in the following table : — 
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Prpsauie on stone. 
Llis. per sq. in. 

Consumption of 

pOWlT. 

U.P 

Yield of nir-dry pulp 
jier lionr. 

Liis. 

II.P. roipiired for 

21 hours fur 1 ton 
nir-dry pulp. 

1 

I’h') 


Sfi-O 

*2 

1-9.) 

3-30 

.)I>-.S 

3 

2-00 

.Vl.i 

470 

4 

31.) 

()I)0 

44-,) 

ii 

3 -SO 

7-92 

•11-7 

ii’O 

4 •().■> 

S-O.) 

44-4 

6 

4-10 

S-.30 

49-1 

7 

iiO 

7-92 

69-0 


The effective work of the stone under the conditions of 
the experiment is evidently reached when the pressure is 
/5*5 lbs. per square inch, for at this point the power required 
for a given output is lowest. 

Kirchner gives the following interesting table showing 
y^the influence of the condition of the stones on various kinds 
of wood : — 


Production of Pulp per II.P. per 21 Hours under 
Detinue Experimental Conditions. 


Wood. 

Well sharpent'd stones 
Jjbs. of pulp. 

Mo<lorately sli.arpencd 
stones. 

LI>b. ot pulp. 

Pino .... 

0-4 

5-4 

Fir .... 

()'8 



Aspen .... 

8-9 

6-3 

Poplar 

61 

5() 

Lime .... 

o’9 

5-4 

Birch .... 

• 6*7 


Willow 

7-2 ) 

46 

Alder .... 


6*3 — 

Oak .... 

— 

51 


In a more complete series of trials Kirchner studied the 
relation between the power consumed with stones of varying 
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degrees of sharpness in producing a stated quantity of 
pulp and the pressure on the surface of the stone. These 
trials were conducted with the hot-grinding process, and the 
amount of pulp produced per twenty-four hours was tnken as 
100 kilos (say 220 lbs., or nearly 2 cwt.), the stones being 
worked under conditions giving this output. Three stones 
— fine, medium and coarse grades — were selected for the 
experiment. The general results obtained show that as 
the pressure increased, the power required decreased up to 
a certain point, when any further pressure at once created 
a demand for greater power. This is admirably shown in 
the diagram Fig. 15, where the experiments with the three 
classes of stone are shown by the curves. A, fine ; B, medium; 
C, coarse. 

The maximum output was obtained under the following 
conditions : — 


stone. 

Piessuie. 

TJisi pel .sq. in. 

Hor.sO‘powcr. 

Output in 

24 houi'.s. 

A. Pine 

4-2 

4 

220 lbs. 

B, Medium . 

120 

2-4 

220 lbs. 

C. Coarse 

S-4 

* 2 

220 lbs. 


Excess of pressure is shown by the sudden upward turn of 
the curves, though with the coarse stone this point has not 
beea peached. ^ 

The immersion of the lower half of the stone in water 
had a remarkable effect on the results. 

The pressure can be increased enormously with a corre- 
sponding greater efficiency in the work of the stone, although 
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the power required does not vary much. This is shown by 
the curve D, which after a pressure of about 8 lbs. to the 
square inch assumes a horizontal position. * 

Kirchner found that the output per unit of area of the 
total grinding surface was almost proportional to' tlio 
[)ressnre. 

The diagram in Fig. 15 represents the results of some of 
the more important tests. 

Cinre A . — With a pressure of IJlbs. per square inch a 
stone with tine surface required, in twenty-four hours, 7J 
h.p., and with a pressure of 3 lbs. per square inch, 4Jh.p. 
The greatest production was obtained when the pressure 
reached 4J lbs. per square inch, when the power required 
to treat 2 cwt. of wood amounted to 4 h.p. 

Curve L*.— -This curve represents the work of an average 
stone which required 3 h.p. under a pressure of 4J lbs. 
per square inch. The power under a higher pressure 
of 14 lbs. per square inch was only h.p. for the same 
production. 

Curve C represents the work of a coarse stone, the 
amount of power for a given production being reduced by 
the increase of pressure down to a certain point, after which 
any furthar increase of pressure required a greater amount 
of power. This is shown by the sudden rise of the curve 
when the pressure reached 13 lbs. per square inch. 

Kirchner in his interesting experiments pointed out that 
these show the relation between the production of 
pulp with different kinds of stone at different pressures, and 
shows that for a maximum output under economical condi- 
tions it is important to choose the rigl?t pressure for a 
given stone. In a further series of experiments he kept 
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the stone partially immersed in a mixture of pulp and 
water. The results are shown in curves D and E. 

Curte D . — With a pressure of -li Ihs. per square inch 
the por.ar required for the production of 2 c'wt. of pulp per 
twenty-four hours was h.p. The gradual increase of 
pressure was accompanied by a reduction in the amount of 



I 

FlO. 10. — Shaking Screen. 


power required, and with a pressure of 15 lbs. per square inch 
the power was reduced to 4 h.p. The practical effect of the 
greatly increased pressure was seen in the finer condition 
of the pulp. 

Screening . — The pulp from the grinders is carefully 
screened to remove all chips and insufficiently ground pulp. 
Many form's of apparatus are employed, but all are based 
upon the same principle, the use of plates perforated with 
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fine slits or circular holes allowing all the finer pulp to pass 
through, but retaining all coarse pieces. 

The sliakimf screen shown in Fig. 16 consists of a horizontal 
shallow tray perforated with fine slits. The pulp, mixed 
with large quantities of water, flows on to the tray, wijich is 



Fjg. 17a.-- Centrifugal Screen for Wood Pulp. 

kept in a violent state of agitation, and the fine pulp 
together with the water falls through the slits, while the 
coarse stuff is gradually forced along the surface of the 
tray and eventually falls over the edge into a trough of 
water or a travelling band conveyor. 

Aflat screen is worked on a somewhat similar principle, 
but the motion of the plate is due to a violent agitation 
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produced in a vertical direction instead oL being to and fro 
in the horizontal direction. Tins produces a pa'i’tial suction. 

The ^centrifugal screeuy Fig. 17 a , the latest form of 
apparati:s for separating out the coarse pulp, is a round 
vessel, containing a circular screen built up of perforated 



plates, which rotates at a high rate of speed, the fine pulp 
being forced through the slits by centrifugal force. 

The capacity of a screen is usually expressed in terms of 
the weight of dry pulp obtained in » given period. Such 
figures are not of much value without details as to the size 
and numbei of the perforations per square* foot of area, as 
the capacity is readily increased by the simple process of 
enlarging the slits or holes. 
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Removal of Water . — When the pulp has been properly 
screened, it is treated in a wet press machine in order to 
remove the large (piantity of water with which'" it i& 
mixed, and to produce a pulp fit for shipment to the 
paper mill. 

The dilute mixture is pumped continuously into a large 
vat in which rotates a hollow drum the surface of which is 
made of fine wire gauze. The pulp adheres to the drum, 
while the water is forced Ihrough the wire cloth and flows 
away into a trough fixed outside the vat. The thin skin of 
pulp is carried up above the surface of the water in the vat 
and is picked off by a travelling felt passing over a roller 
which is in contact with the drum. The thin sheet piisses 
between small rollers, which squeeze out more water, and is 
then wound up in a continuous roll on a large wooden drum 
until it forms a thick sheet. This is removed at intervals 
either by hand or automatically. 

In the most approved form of wet press machine the 
thick sheet is cut off at regular intervals by a knife which 
falls automatically. The sheet of pulp is therefore always 
of uniform thickness and weight, provided reasonable care 
has been exercised in keeping the ratio of water and pulp 
fairly constant. From the wet press machine the pulp is 
obtained in the form of thick sheets containing about 75 per 
cent, of water. 

.The sheets of pulp are finally submitted to pressure in 
powarful hydraulic presses which remove a further quantity 
of water and give a product containing 50 per cent, of air- 
dry pulp and 50 per cent, of water. These sheets are 
packed in bales of 4 cwt. and 2 cwt.c capacity, and then 
fastened up with stout iron wire and wooden battens. 



MECHANICAL AVOOD TULP 


109 


Brown Wood Pulp. 

In f862 Lyman patented a process for submitting wood 
to tlie action of water at a high temperature, 160° C. In 
1870 Meyh found that when wood previously digested in 
this way was mechanically treated in the grinder it gave a 
tough long-fibred stock. Since that date large quantities 
of brown wood pulp have been produced for the manufacture 
of box boards. The wood is either simply steamed, in 
which case a dark brown product is obtained, or digested in 
water at high pressure wb.en a lighter coloured paper is 
produced. 

Steamed TFood.— Logs of wood 12 or 16 feet long, or cut 
up in 2 feet lengths ready for the grinder, are packed into 
tall cylindrical boilers and steamed for twelve to thirty 
hours at a temperature varying from 120° to 160° C., the 
shorter period requiring a higher i)ressure. The water of con- 
densation containing organic acids and volatile compounds 
such as acetic and formic acids, ethereal oils, turpentine 
and resin is drawn oft’ continuously, or at intervals. In 
modern practice such by-products are carefully preserved 
and refined, having considerable value. 

Wood Digested in ]^ater.—k finer material of superior 
colour is produced when the wood is digested for twenty-four 
to thirty hours at a somewhat lower temperature in the 
presence of water, 60 lbs. pressure being the general 
practice. 

The boilers are usually cylindrical in shape, and of 
considerable length, erected in a horizontal or vertical 
position. ' Cast irqn is regarded as more suitable, being 
less liable to oxidation and corrosion from the organic 




Fia. 18 .— Digester for manufacture of Brown Pulp* 
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acids produced during the operation. In Germany the 
practice obtains of lining the vessels with copper, and in 
one or<two special cases digestors made of coj^per entirely 
have been built. The price of a wrought-iron copper-lined 
digestov 5 feet diameter and 17 feet long is about iJll)2, while 
a digester constructed entirely of copper of about the same 
capacity would cost £450. 

Use of Broun Pulp , — Wood boiled in this way previous 
to grinding gives a material suitable for the nit^nuf act lire 
of so-called “ leather board ” used for box making. It is 
exceedingly tough and flexible, can be bent to almost 
any shape without cracking or splitting, and when made 
■M) into boxes is capable of resisting great pressure. It is 
al-i) used for the manufacture of imitation kraft paper 
and for common paper pattern tissues. 

The Estimation of Mechanical Wood Pulp in Pafees. 

The determination of the exact percentage of mechanical 
wood pulp in papers is obviously a matter of importance. 
Considerable attention has been given to this subject of 
recent years, and the various available methods may be 
briefly summarised. • 

The use of the microscope as applied to the detection 
and estimation of different fibres in a sheet of paper has 
long been known. The first systematic application of 
quantitative methods to the vegetable fibres and manu- 
factured products is that of Vetillart, embodied in his 
treatise “iltudes sur les fibres vegelales textiles.” 
Gottstein, in 1884, we believe, first suggested the quanti- 
tative microscopic method of counting the number of 
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mechanical wood fibres in a given field of a specimen care- 
fully mounted using as a test for comparison specially 
prepared papers containing Jcnown percentages of mechani- 
cal pulp. 

Microscopic Analysis , — The paper is broken up into pulp 
by preliminary treatment with a weak solution of caustic 
soda, which is then thoroughly removed by means of hot 
water, and a number of slides are mounted for inspection, 
Herzberg’s staining reagent being used to colour the mass 
of fibres. Several slides are so prepared and carefully 
examined. The examination is best effected by bringing 
every portion of the slide into the field of view of the 
microscope, a record being made for each field of view 
as to the approximate proportion in which the fibres are 
present. This method is preferable to that frequently 
employed, of absolutely counting the fibres, but it demands 
a good deal of previous experience with pulp mixtures in 
which the proportions are already known. 

The usual staining reagents which may be used for 
differentiating fibres ^examined under the microscope are 
various aniline dyes, iodine solutions and iodine combined 
with dehydrating agents. The most useful reagent for 
general work is Ilerzberg’s iodine ahd zinc chloride solution. 
The formula for the preparation of these reagents are as 
follows : — 


Winkler — 
Potassium iodide 
Iodine 
Water 
Gl} cerine 


. 5 grammes. 
. 1 gramme. 

. 20 c.(x 

e 
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TIerzberg — 

Chloride of zinc . 
Potassium iodide . 
Iodine . 

Water . 


20 grammes. 
2-1 „ 

0*1 gramme 
5 grammes. 


The colorations produced by these reagents are shown in 
the appended table, but the colour reaction varies with the 
purity of the fibre, and the percentage of moisture present 
in the small quantity placed on the microscope glass. 


Minuo-CiiEMicAL Keactions of Pibres. 


Coloration produced. 


Fibres. 

Iodine solution. 

Zinc chloride, 
iodine solutlou. 

Mn}(npsfiiin 
chloride, 
iodine solution. 

Cotton, linen, hemp 

Brown 

Wino-rod 

B eddish brown 

Pspiiito, straw, 

bamboo, celluloses 

Grey to grey- 
ish brown. 

Blue to violet, 
or blue to 
greyish vio- 
let 

Blue to bluish 
violet 

Bluish violet 

Wood celluloses . 

Colourless. 

Light brown 
to red 

Manila hemp 

Grey, brown, 
or yellowish 
brown. 

Dark yellow 
or greenish 
yellow 

Yellow, green- 
ish yellow 

Mecbaric d :wood 



pulp, jute . 
Unbleached Ma- 

Yellow, 

• 

Yellow 

Yellow 

nilH, straw (par- 




tially boiled) 

Yellow. 

Yellow. 

Yellow 


Colour Methods of Analysis , — Various simple colour 
reactions are known, all of which afford a rough indication 
of the proportion of mechanical wood pulp in papers. In 
1882, Gaedicke proposed the manufacture of a series of 
standard papers containing varying proportions of 
mechanical wood, the first paper in the series to consist 
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of pure sulphite, and the last paper of the series containing 
95 or 100 per cent, of mechanical wood pulp. On each of 
the standand papers a solution of aniline sulphate of known 
strength produced a yellow coloration, the intensity of 
which was in direct proportion to the amount of mechanical 
wood pulp. Equal coloration on the standard, and an 
unknown paper could then be recorded as evidence of equal 
amounts of mechanical wood pulp, and this reaction would 
furnish a means for measuring the percentage of ground 
wood pulp in the paper. The following reagents can be 
employed for this purpose. 

Aniline Sulphate.— 4 grammes of the salt dissolved in 
100 c.c. of water. This reagent gives a yellow colora- 
tion when placed on paper containing mechanical wood 
pulp. 

PhloroglucinoL — 2 grammes of phloroglucinol are dissolved 
in 100 c.c. alcohol and 50 c.c. concentrated hydrochloric 
acid added. The solution should be kept in the dark. 
Gives a pink to crimson coloration more or less intense 
according to the proportion of mechanical wood present. 

Ferric Fenicyanide . — Dissolve 1'6 grammes ferric chloride 
in 100 c.c. of water. Dissolve, 8'8 grammes potassium 
ferricyanide in 100 c.c. of water. Equal quantities of the 
solutions to be mixed and used only when required. Gives 
a Prussian blue colour with mechanical wood pulp. 

Wurater's Reagent . — 2 grammes of dimethyl para- 
pfienylenediamine dissolved in 100 c.c. of water. Gives a 
deep red cok)ur with mechanical wood pulp and other 
lignified fibres. 

Phenol . — A dilute solution of phenol gives a greenish 
blue colour with mechanical wood pulp. 
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Chemical Methods of Analysis,--Ji\\\\QX in 1887 suggested 
a method based on the solubility of cellulose in ammoniacal 
copper oxide. The paper, having been suitably broken up 
into pulp, is treated with the solution, and the cellulose 
dissolves fairly quickly, leaving the mechanical wood pulp 
as an insoluble residue to be filtered, washed, dried, and 
then weighed. The cellulose estimations obtained by this 
process are not very satisfactory. 

The reaction of the ligno-celluloses with iodine has also 
been suggested as the basis of a method of quantitative 
analysis. The paper reduced to the condition of pulp is 
allowed to remain in contact with a definite quantity of 
iodine dissolved in potassium iodide. After standing twenty- 
four hours the amount of iodine left in the solution is 
determined by titration with sodium thiosulphate, the 
amount of iodine absorbed being a measure of the amount 
of mechanical pulp present. 

Godeffroy and Coulon proposed a method dependent upon 
the reaction between lignified wood fibre and chloride of 
gold. The paper is torn up into fine shreds, divided into 
two equal portions of convenient weight, and boiled for 
about ten minutes in a 10 per cent, solution of aqueous 
ammonia, then thoroughly washed and dried. One portion 
is burnt for the determination of ash. The second portion 
is extracted with a hot alcoholic solution of tartaric acid, 
dried, and then successively extracted with alcohol and 
ether. The residue left is then boiled for about fifleen 
minutes with a dilute solution of gold chloride, the latter 
filtered and removed by washing. The dried fibre containing 
the adherent reduced gold is then burnt and the weight of 
ash and gold ascertained. The difference between the ash 

I Q 
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previously weighed and the weight of ash and gold 
together, measures the quantity of gold reduced to a 
metallic state, and the latter is an indication of the 
proportion of lignified fibre in the sample of paper. 
Numerous experiments conducted by Godeffroy and Coulon 
show that under these conditions 100 parts of mechanical 
wood pulp per se will reduce 21*2 parts of gold. 

Benedikt proposed a method based upon the reaction 
between lignified fibre and hydriodic acid, the products of 
decomposition being added to silver nitrate, with the 
precipitation of silver iodide. The weight of dry silver 
iodide is taken as a measure of the mechanical wood pulp 
present. 

The action of chlorine gas on ligno-cellulose is also 
suggested as the basis of a quantitative method of analysis 
for mechanical wood pulp. The paper is boiled in a w^eak 
solution of carbonate of soda, washed thoroughly with weak 
acetic acid, and then with hot water until quite neutral. 
The paper is pressed and exposed in a damp condition to 
the action of pure washed chlorine gas. After complete 
chlorination the excess of chlorine gas is blown out of the 
vessel, and a known volume of wqter added to the bleached 
pulp. The quantity of hydrochloric acid in the aqueous 
solution is determined by titration with standard soda 
solution. 

The acid equivalent to one gramme of various pulps is as 
follows : — 

Mechanical wood pulp . 4*4 c.c. normal alkali 
Aspen mechanical pulp . 3*5 c.c. „ „ 

Unbleached sulphite . 0*46 c.c. ,, „ 

Bleached sulphite . 0*03 c.c. „ „ 
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The most recent method devised, by Cross and Sevan 
is based upon the well-known phloroglucinol reaction. A 
weighed quantity of the paper previously broken into pulp 
is placed in a solution of standard phloroglucinol, the strength 
of which has been previously found. The quantity of 
phloroglucinol in solution before and after immersion of the 
fibre is determined by titration with formaldehyde. It has 
been shown that all lignified fibres possess what may be called 
a constant “ phloroglucinol absorption value.” 

The details of the process are as follows : — 

Two grammes of the material are dried at 100° C. 
and then weighed. The weighed amount is transferred to 
a i^ry fiask, covered with 40 c.c. of phloroglucinol solution 
(made by dissolving 2*5 grammes of pure phloroglucinol in 
500 c.c. of hydrochloric acid of 1*06 sp. gr.), shaken and 
allowed to stand for some hours, preferably all night. The 
liquid is then filtered through cotton-wool placed in the 
iieck of a funnel. The filtrate is next titrated, 10 c.c. being 
mixed with 20 c.c. of hydrochloric acid of 1*06 sp. gr. and 
Seated to 70° C. Standard formaldehyde solution (made 
by dissolving 1 c.c. of 40 per cent, formaldehyde in 
500 c.c. of hydrochloric acid of 1*06 sp. gr.) is now added, 

I c.c. at a time, two minutes being allowed to elapse between 
jach addition. 

As indicator of the presence of phloroglucinol, a piece of 
jheap newspaper is used. A red stain is produced in the 
)resence of free phloroglucinol when •a drop of the liquid 
8 allowed to fall on the paper. 

Towards the end of the titration the stain gradually 
akeS longer* and longer to appear on the paper, and finally 
t is necessary to carefully dry the paper before a Bunsen 
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flame. The end of the filtration is indicated when the 
stain is no longer perceptible. 

10 c.c. of the original phloroglucinol solution arn then 
titrated under exactly the same conditions, the amount ab- 
sorbed by the ligno-cellulose being obtained by the difference 
between the two figures. This phloroglucinol absorption 
value is expressed as a percentage on the dry weight of the 
ligno-cellulose. 

The following values have been obtained : Wood flour, 
7*9; mechanical wood, fi*71 ; jute (best quality), 3*98 ; jute 
(average quality), 4*26; sulphite wood pulp, 0*75; and 
cotton, 0*2 per cent, of phloroglucinol. 

For the calculation of the mechanical wood in paper the 
following formula is used, 8*0 being the absorption value 
for mechanical wood, and 1*0 that of sulphite pulp, p the 
absorption value of the dry ash-free sample, and H the 
percentage of mechanical wood in the paper. 

„ _ 100 fp - 1*0) 

8*0 - 1*0 

Sources of error, and the conditions necessary for the 
most constant and accurate results are : — 

1. The purity of the phloroglucihol used. The standard 
solution is made from a weighed amount of this substance. 
It is therefore necessary to ensure its purity. 

2. The absorption value is influenced by the concentration 
of the phloroglucinol solution. The quantities to be used are 
2 grammes of paper and 40 c.c. of phloroglucinol solution. 

3. Generally, it is unnecessary to remove sizing material 
from the paper before the determination. In the case, 
however, of large quantities being present, its extraction 
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]by warming with a mixture of alcohol and ether) is to be 
recommended, the reaction taking place more rapidly. 

Examples. 


Newspaper. 

Aoh. 

Per cent. 

Sizing. 

Per cent. 

Phloroglucinol 
abfloiption. 
Per cent. 

Mechanical 

wixhI. 

Per cent. 

Timta , 

8-4 

1*0 

214 

16-3 

Daily Telegrajih 

2*4 

1-5 

2*40 

20-0 

Tribune . 

10-2 

1-5 

o23 

60-4 

Daily Graphic 

15-1 

I'O 

50 

57-1 

\d. paper fwhite) . 

1*5 

1-5 

6-62 

80-3 

\d. paper (pink) . 

20 

1*5 

6*32 

760 




CHAPTER V 


CHEMICAL WOOD PULP 

The term “ chemical,” in contradistinction to the term 
“mechanical,” is applied to wood pulp prepared by a 
chemical process in which the isolation of the fibre is 
effected by treatment of the wood with suitable solutions 
The resultant product is a more or less pure form of cellu- 
lose, differing very materially from the fibre of the 
mechanical process. In the latter case the pulp consists of 
the raw wood in which the constituents are unchanged 
except in form and shape, whereas the chemical pulp 
is entirely different in composition from the original 
material. This is shown in an analysis given by Griffin 
and Little : — 



Spiucp wochI, 

Spi iieo cellulose. 

Moisture 

11-5 ' 

6-7 

Ash 

0-3 

0*6 

Cellulose 

530 

89-7 

lii'jniii, ete. . r 

35-2 

3'1 


1000 

100-0 

' 




The methods employed for the preparation of cellulose 
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from wood are of two kinds, namely, the acid, of which the 
so-called sulphite process is typical, and the alkaline, 
exemplified by the well-known soda process. 

Preparation oj Wood. — ^Whichever system is used the 
preliminary operations for preparing the wood are the same. 
The logs are cut into lengths of two feet, tjie bark com- 
pletely removed by the methods described'in the chapter on 
Mechanical Wood Pulp, and subsequently cut up into small 
chips by special machinery. 

For the best qualities of pulp the knots in the wood 
are cut out, or as an alternative the chips of wood are 
carried by means of a travelling band into a sorting room 
^nd all the knots and faulty pieces of wood removed by 
hand. 

Sulphite Process . — In general terms this consists in sub- 
mitting the wood to the action of sulphurous acid and its acid 
salts in closeil vessels at high pressure for definite periods 
of time. The quality of the product can be varied to almost 
any extent by the conditions of treatment, that is by varying 
the strength of liquor, the steam pressure, and the period 
of time occupied in digestion. This may be shown by a 
study of the several qualities of sulphite pulp available for 
paper-making. • 

Quick Cook Process.— This terra is applied to pulp 
prepared by digesting the wood at a high pressure of 80 — 
100 lbs. per square inch for a period of eight to nine 
hours. If the operation is carried qut to an extreme limit, 
using the strong liquor, a soft pulp is obtained of good 
colour which bleaches very rapidly with a Small proportion 
of bleaching powder. If on the other hand the treatment is 
carried out with a minimum quantity of liquor just sufficient 
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to produce complete disintegration of the wood, then the 
pulp obtained is of a reddish colour, not easily bleached, 
but which is characterised by great strength and tougl^^ness. 
The latter kind of pulp is eminently suited for the manu- 
facture of news and wrapping papers, in which strength 
is of primary importance, whereas the former quality of 
pulp produced by excessive boiling is more suitable for 
book papers and writings in which colour is of greater 
importance. 

Slow Cook Process . — This method differs radically from 
the quick process, in that the pressure is seldom allowed to 
exceed 15 lbs., while the time of boiling occupies thirty to 
forty-eight hours. Moreover, the heat is applied by means 
of steam passed through lead coils so that the condensed 
steam produced does not accumulate in the digestor itself. 
The pulp obtained in this case is of excellent quality and of 
great strength, being particularly adapted for the produc- 
tion of papers such as imitation parchments. It is frequently 
described as “ Mitscherlich ” pulp from the name of the 
inventor of the process. 

Sulphite Liquor . — The chemical solvent used in the 
bi-sulphite process is a solution of bi-sulphite of lime con- 
taining a certain proportion of free uulphurous acid. It is 
prepared by burning sulphur or pyrites rich in Bult)hur, in 
suitable ovens, and passing the sulphurous acid gas obtained 
through tanks containing milk of lime, or through towers 
containing blocks of , limestone moistened with water. 
Many different systems are in use for burning the sulphur 
under regulated ‘ conditions, and for producing a liquid 
containing definite proportions of lime or .magnesia 
sulphites and free sulphurous acids. The proportions 
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rary in different mills, the following being typical of 
nany 

I l ie sulphurous acid . . . 2*03 per cent. 

Combined sulphurous acid . . 1*01 „ 

Lime 0*83 „ 

The quantity of sulphur required per ton of finished pulp 
raries from 250 lbs. to 400 lbs. Considerable attention is ^ 
low given to methods by means of which the sulphurous 
icid gas which comes away from the digesters during the 
iperation is utilised, thereby reducing the amount of 
lulphur actually required per ton. 

Waste Sulphite Liquors,— The waste liquors discharged 
[rom the boilers when the wood has been boiled are at 
present thrown away. Many attempts have been made to 
recover the by-products, but no system has yet been intro- 
iuced for the recovery of the sulphur on a large commercial 
scale likely to be remunerative, or for the manufacture of 
^ by-products having any practical value. 

The problem has long been a serious one, for in 1894 a 
prize of 10,000 marks was offered in Germany for a prac- 
[ticable method of preventing the pollution of streams by 
|the waste liquor of sulphite mills, but no serviceable process 
has been devised. The® volume of liquor is so large, that 
the difficulties are greatly increased. One ton of air-dry 
pulp gives about 2,500 gallons of acid liquor which diluted 
with a sufficient quantity of wash waters required for 
cleaning the pulp blown from the digesters is increased to 
about 10,000 to 12,000 gallons. 

Hoffmann* gives the analyses of several Vaste liquors as 
follows , 

* Hoffmann, C., Practieches Handbuch der Papier Fabrikation, 1897. 
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Analyses of Sulphite Pulp Waste Liquor, 


l 


Qraminesj per litre. 



1 

2 

3 

4 

5 

Total solids. 

82-0 

88-0 

85 0 

93-0 

92-0 

Loss on ignition . 

68-0 

75-0 

69-0 

81-0 

— 

Ash .... 

14*0 

13-0 

l(i -0 

12*0 

— 

Total sulphur 

— 

— 

— 

— 

9-2 

Ereo sulphur dioxide 
(SO.) . . . 

2-6 

2-2 

2*9 

2*6 

3*8 

Sulphite radicle (SO„) . 

7-3 

7-9 

6-7 

1-2 

3-8 

Sulphate radicle (SO 4 ) 

41 

6*4 

4-8 

2*7 

1*9 

Oxygen consumed 

520 

62-0 

50*0 

600 

— 


The characteristic constituent of these liquors is^ the 
lignone-sulphonic acid (calcium salt) resulting from the 
specific interaction of the bi-sulphites with the aldehydic or 
quinonic complex of the wood or ligno-cellulose. 

The free lignone-sulphonic acid gives a characteristic 
reaction with gelatin, precipitatiitg a colloidal viscous 
mass, which may be re-dissolved in weak alkaline liquids, 
and when so re-dissolved has been employed in engine- 
sizing papers. The reaction with gelatin suggests its 
employment as a “ tanning ” agent in the manufacture of 

‘ Lindsay and Tollens, Annalon, 267 — 341 ; H. Seidol, Zeitschr, 
Angew. Chtm.^ 1900; Suringar Diss. Gottingen, 1892; Klason, 
Chem. Ztg., 1897, 261 ; Seidel und Hanak. Mitt. Techif. Gew. Mus. 
1897—8. 
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leathers ; and a certain amount of the liquor is being utilised 
in this industry. 

In addition to the characteristic lignone-sulphonic acid, 
and excess of sulphurous acid, free and coipbined, the 
liquors contain a certain proportion of carbohydrates; 
and hence after treatment of the liquors to bring about 
.the necessary conditions, a process of fermentation is 
induced by the introduction of yeast, from which alcohol 
results. 

The subject of the composition and utilisation of sulphite 
liquors has, in fact, been extensively studied, and the 
following brief account of the processes patented during the 
last thirty years may be added. Cross and 33evan observed 
the reaction of the lignone sulphonates and patented the 
production of the insoluble colloidal compound and its use 
in the engine-sizing of papers. [E. P. 1548, 1883.] 

Mitscherlich revived the method of mixing gelatine or 
some cheaper form of animal size with the spent lye, in 
order to obtain a tannin size suitable for sizing paper in 
the beating engine. By using ordinary rosin size in con- 
junction with the new product he claimed a reduction in the 
cost. [D. R. P. 93,944—5.] 

Ekman obtained a substance which he called “ Dextron ” 
by concentrating the liquors to 34° Be. and adding magne- 
sium sulphate. The product was applied to the dressing of 
textile fabrics to render them partially waterproof and to 
secure them from mildew. [D. R. P. 81,643.] 

Dr. proposed the addition of milk of lime to the 

waste liquor so as to separate the sulphites as calcium 
sulphite, the remsi^ning liquid to be discharged as com- 
paratively harmless. 
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The presence of the large proportion of organic matter in 
the liquor has suggested the basis of a scheme for the 
manufacture of compressed fuel. Attempts have been 
made to concentrate the waste liquors to a syrupy con- 
sistency and to employ this paste in conjunction with 
sawdust, coal dust or charcoal for the i)i'oduction of 
briquettes. 

Dorenfeldt patented a modification of the ordinary calcium 
bi-Bulphite process which appeared to make the subsequent 
treatment of the spent digestor lyes a more profitable 
undertaking. Sulphate of soda was added to the usual 
bi-sulphite of lime liquor, whereby a precipitate of sulphate 
of lime was obtained, and a solution of bi-sulphite of soda. 
The sulphate of lime was filtered off and sold as “ pearl 
hardening ” for the loading of paper, and the bisulphite of 
soda used for digesting wood. The soda was recovered by 
concentration and incineration and afterwards converted 
into caustic soda by the ordinary methods, 

Drewson proposed to heat the stronger waste liquors 
with lime under pressure, the resultant product calcium 
mono-sulphite being subsequently converted into the soluble 
bi-sulphite with sulphurous acid gas. The cost of the 
process and the impurity of the regenerated liquor are 
conditions which have prevented the development of a 
likely scheme for recovery. [D. E. P. 67,889.] 

Destructive distillation has been experimentally tried, 
but the yield of usdful products is much too low. The 
formation of oxalic acid by fusion of the concentrated liquor 
with alkali has also been proved, but the quantity obtained 
was too small to render any operations on a* large scale 
commercially possible. 
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“ Lignorosin,” a substance obtained by converting the 
lignone-snlphonic acid into a soda salt, has been success- 
fully Applied in mordanting woollen goods. It? use in this 
direction is naturally very limited, and offers no induce- 
ment to manufacture on a large Bca\e. 

The utilisation of the lignone-sulphonates by treatment 
with nitric acid for the manufacture of colouring mfttters is 
suggested by the reactions of the lignone constituents of 
wood with nitric oxides. The treatment of these substances 
with nitric acid gives a series of orange and yellow dyes 
which produce bright shades on wool and silk. Fusion of 

lignone ” with sodium sulphide and crude sulphur gives 
a sulphur dye that colours cotton dark green, changing to 
black in a chrome bath.^ 

The manufacture of a tanning substitute involves a 
certain purification of the waste sulphite liquor to eliminate 
the excess of mineral sulphites, and a certain proportion of 
soluble iron compounds, which produce discoloration when 
used in association with ordinary tanning. Considerable 
activity is being shown in this direction, with some prospect 
of success. 

Robeson has patented a process for tanning skins and 
hides in which a liquor containing a compound of sesqui- 
oxide of aluminium or some other base with the practically 
unchanged organic matter of waste sulphite liquors is 
employed. The lye is treated with the sesqui-oxide in 
conjunction with an acid capable W precipitating mineral 
matter from the liquor. 

As 26 per cent, of the solid residue in sulphite liquors 

« 

‘ Pollution of StrAims by Sulphite Pulp Waste. E. B. Phelps, 
XJ.S.A, Geological Survey Dept 
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can be removed from solution by tbe hide powder test, the 
process seems promising. 

A writer in the Wochenhlatt has suggested the incorpora- 
tion of the lyea with soap, claiming that the resinous and 
glucose substances present together with the mineral salt, 
would produce a new soap of good lathering and cleansing 
properties. 

Knbsel suggests a process for mixing the sulphite lye 
after suitable concentration with an equal weight of phos- 
phate of lime, thereby obtaining a solid and soluble 
compound to be used as a fertiliser, the manurial qualities 
of the phosphate of lime being increased 80 per cent. 

Elb adds formaldehyde to the sulphite liquors during 
concentration and obtains an adhesive substance, clear and 
transparent, soluble in water. The formaldehyde is said 
to prevent the separation of salts during evaporation. 

Alcohol from Waste Lye , — The most recent and interesting 
attempt to deal with the waste sulphite liquors is seen in 
the experiments now being carried out on a large scale 
in Sweden for the production of alcohol. The process is 
being worked on a fairly large scale under Ekstrom’s 
patents at Skutskar in Sweden, the liverage yield of alcohol 
being 60 litres per ton of cellulose, no less than 54,000 
litres having been produced during 1909. 

In 1819, Braconnet observed that, by the action of 
sulphuric acid on wood, grape sugar was formed, which 
could be fermented to yield alcohol. 

In 1898, Simonsen obtained 60 litres of spirit from one 
ton of wood by this acid process. 

In America, Ewen and Tomlinson, acting on the 



CHEMICAL WOOD PULP 


129 


suggestion of Classen, obtained 78 litres of spirit by the 
action of sulphurous acid on wood. 

In 1801, Lindsay and Tollens found 1*2 per cent, of fer- 
mentable carbohydrates in the dry solids of waste sulphite 
liquor, and obtained about GO litres per ton of cellulose. 

Two processes have now been patented in which the lyes 
are first neutralised by carbonate of lime. In Wallin’s 
method ordinary lime is used for neutralising the liquor, 
and in Ekstrom’s system the waste lime sludge of tho 
sulphate cellulose mills is employed. Schwalbe states that 
the neutralisation sludge obtained, after the process, con- 
tains sufficient calcium sulphite to effect a saving of 40 per 
cent, of the sulphur required for boiling wood. 

The volume of liquor to be treated amounts to 10,000 
litres for every 100 tons of cellulose and the dry precipitate 
obtained on neutralising amounts to 15 tons. The liquid, 
after being neutralised, is cooled, aerated, then fermented 
for 72 hours at a temperature of 75° C., by means of yeast, 
and afterwards distilled. The alcohol obtained contains 
considerable proportions of methyl alcohol, aldehydes, 
furfural and acetone. It may be noted that this process, 
while interesting as shewing the possibility of obtaining 
useful products from the waste liquor, does not deal with 
the serious problem of the prevention of pollution of streams 
by the discharge of the waste liquor. 

The direct recovery of the original sulphur has not yet 
been evolved as a satisfactory process. Evaporation and 
combustion of the concentrated lye means .a large loss of 
flulphur, and a method for the regeneration of the latter 
from organic sulphur compounds has yet to be discovered. 
Obviously this is the correct solution of a difficult problem, 
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as it might avoid the formation of a large quantity of 
by-products which find no useful application in paper- 
making or any industrial operations. 

Washiriff and Finishing r -The pulp discharged from the 
digester is thoroughly washed with water for the removal 
of the spent liquor, and then subjected to a careful screening 
in order to remove incompletely digested pieces of wood 
and any dirt which may be present. 

This is effected by screens of various kinds, all based 
upon the same principle, though differing in construction. 
The apparatus most frequently employed is the flat screen, 
consisting of a heavy cast-iron shallow tray fitted with brass 
plates which contain fine slits. The tray is kept in a state of 
violent agitation, so that the mixture of pulp and water 
flowing into the tray is also continuously shaken. By this 
means the pulp is easily screened, the pure material finding 
its way through the slits, while the coarse lesser-cooked 
material remains on the surface of the screen. 

The pulp is then sorted up into various qualities, the 
coarse residue being sold at a low price as “ screenings.” 

The fibre passing through the screens, being mixed with 
a very large volume of water, is then subjected to a process 
whereby the water is removed, and the pulp obtained in the 
form of moist sheets, containing about 60 per cent, of 
moisture. 

Sulphite pulp is usually prepared for export in the form 
of dry sheets, ,and these are produced by treating the pulp 
in a somewhat different manner. The wet mixture is con. 
verted into dry sheets by means of a machine tvhich closely 
resembles an ordinary paper-making machine— that is, the 
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mixture of pulp and water is passed over a horizontal travel- 
ling wu’e and the thin sheet of pulp so obtained drawn 
through heavy rollers, which squeeze out a large proportion 
of tlie excess water, and finally over drying cylinders heated 
internally by steam. 

Soda Process , — The alkaline treatment of wood for the 
manufacture of soda wood pulp is similar to that used for 
the manufacture of esparto pulp. The wood, in the form 
of small chips, is heated in large digesters with a solution 
of caustic soda. The non-fibrous constituents of the wood 
are completely dissolved, and a brown-coloured pulp is 
obtained. The spent liquors are preserved and the soda 
recovered, to be used over again as required. 

The soda process is one capable of general applica- 
tion, being utilised for woods and fibres which cannot easily 
be treated by the sulphite process, which latter is usually 
confined to the treatment of the coniferous woods. In the 
early days of the manufacture of wood pulp, when spruce 
was available in large quantities, wood pulp was almost 
exclusively prepared from spruce by the sulphite process. 
The present scarcity of spruce and the high price now 
ruling have compelled n^nufacturers to give their attention 
toother classes of wood, and the American Government, for 
example, are making investigations as to the use of woods 
which have hitherto been regarded as unsuitable. Such 
investigations will, no doubt, lead not only to the introduc- 
tion of woods other than spruce, pine, and poplar, but also 
to modifications in the various methods of treatment. 

All kinds of wood and other fibrous material may be 
converted into pulp by this process. Caustic soda combines 
with the acid products derived from the non -fibrous 

’ K 2 
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constituents of the wood until the alkali is neutralised, so 
that the insoluble portion of the wood left is cellulose in a 
more or less pure condition, containing much less resin 
than the pulp obtained by the sulphite process. 

The practical operations are simple enough. The wood 
is barked in the usual manner and cut up into small pieces 
by the same machinery as that employed for the sulphite 
process. The wood is digested for six to eight hours in a 
solution of caustic soda having a strength of about 20° Tw., 
at a pressure of 100 — 150 lbs. per square inch. The con- 
ditions of treatment are varied according to the nature of 
the wood and the requirements of the paper manufacturer. 
For pulp that will bleach readily the process of digestion is 
carried out to a greater extent than for pulp which is required 
in the manufacture of wrapping papers. The yield of pulp 
and the quality are influenced by these conditions. 

Some interesting experiments were made by Beveridge 
showing the precise influence of varying factors. He made 
three sets of trials as follows : — 



Constant condition. 

Variable. 

1. 

Tiino and strongth of caustic 

rtessure varied. 

2. 

Pressure and time 

Strength of caustic varied. 

3. 

Pressure and strength of 

Time varied. 


caustic 



The results ^ere : — 

(1) The increase of pressure resulted in a diminution of 
yield, the quantity of pulp obtained being reduced 
considerably. 
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(2) The excess of caustic soda caused rapid diminution 

in the yield of cellulose. 

(3) The gradual exhaustion of the caustic soda by a pro- 

longed digestion prevented such serious diminution 
of yield. 

From a practical standpoint the chief consideration is 
the nature of the wood, and De Cew gives the following 
results as showing the usual conditions of treatment : — 


\Vt)od. 

Wpiulit. of 
otil* fl'l'l 
ctii., ft 

Ciiistir soda 
us«>d ih r 
cold. 

WfiKht of au‘- 
drv pnlp 
lioin on« 
cohl. 

Lbs. 

Yield air-dry 
pulp. 

I’er cent. 

1. Yellow Birch , 

3()3{) 

641 

1610 

44-4 

2. Soft Maple 

3320 

641 

1560 

44-4 

3. White Birch . 

3100 

603 

1490 

46-7 

4. Poplar 

2350 

603 

1150 

490 

5. Bass wood . , 

2325 

603 

1135 

49*0 

ii. Black Spruce • 

2250 

678 

1000 

44-6 

7. Hemlock . • 

2300 

716 

970 

42*2 


The variation in the quality of the pulp produced by the 
soda process is a striking illustration of the necessity for 
an exhaustive study of the whole process of chemical wood 
pulp manufacture. The most interesting developments are 
seen in the suggestion that the highest yield of pulp consis- 
tent with the complete repioval of the non-5ellulose portion 
of the wood is besi obtaine^J by modifications in the process^ 
which reduce the action of the caustic soda on the cellulose 
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to a minimum. Suggestions have been made in this direc- 
tion not only with the soda process, but with all chemical 
methods by the idea of using wood in a perfectly dry 
condition; by having a vacuum inside the digestor, so 
that the air is largely removed from the pores' of the 
wood, enabling the liquor to penetrate quickly; by the 
use of superheated steam for the boiling operation ; and 
so on. 

All these improvements are in the right direction, because 
the wood is not subjected to a more severe treatment, but 
is merely placed under more favourable conditions for the 
action of the caustic soda. The result of these various 
improvements is seen in the fact that many hard woods 
can be reduced to the conditions of an easy bleaching 
pulp in three and a half to four hours. Another instance 
of the value of modified conditions is to be seen in kraft 
papers. 

Kraft Paper , — The term “ kraft,” meaning strength, has 
been applied to certain strong wrapping papers made by 
submitting wood to a modified soda process. The paper is 
remarkably tough, i)ossesse8 a high tensile strength, and is 
a striking testimony to the possibilities of wood pulp as a 
material for making a great varibty of papers. It is said 
that the process was discovered accidentally by a pulp 
manufacturer who, rather than waste some soda pulp which 
had not been sufficiently digested, placed the half-boiled 
wood in an Edge runner or Kollergang, and reduced it to 
pulp by the simple process of friction. The paper finally 
obtained proved to be so firm and strong that the success 
of the new ** discovery ” was assured. 

The process, as usually carried out, involves the digestion 
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of the wood in a soda or sulphate liqiix)r containing about 
30 per cent, of the l)lack lye from some previous cook. 
The w«td is not completely boiled, but digested to a 
point at which the fibres can be disintegrated by simple 
friction. The undissolved ligno-cellulose acts as a useful 
cementing materijil, and the paper is bulky, light and 
strong. 

The success of the so-called “ kraft ” papers made from 
soda pulp has led to the production of imitations, manufac- 
tured chiedy from sulphite pulps. The true kraft papers 
may be distinguished from the imitations by various 
differences in ai^pearaiice and l)ohaviour. The sulphite 
papei'S have a smooth, shiny surface when viewed in 
rt^ffected light and held up on a level with the eyes, but this 
is only apiireciated by a practised observer. The soda 
papers are tougher and capable of resisting a greater 
amount of friction, as may be proved by the well-known 
crumpling test. They can be twisted repeatedly without 
producing fracture, and this is a desirable feature in papers 
used for the manufacture of bags. The behaviour on tear- 
ing is generally different in the two papers, the soda being 
more resistant. 

The sulphite papers# have a lower tensile strain, as a 
rule, than soda papers of equal weight, and also a lower 
percentage stretch or elongation under tension. 

These differences in physical qualities may be used as a 
means of discriminating between rqjil and imitation kraft 
papers. 

It may further be noted that the natuml self-colour of 
Boda kraft, papers is artificially imitated in the sulphite 
krafls by the use *of yellow aniline dyes, which can be 
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readily extracted by means of hot water, weak solutions of 
alkali, or rectified alcohol. The paper after treatment is 
quite another colour, and this in itself is evidence of a 
useful character. 

If small pieces of the paper are pulped and boiled in a 
solution of malachite green, the soda paper is dyed to a 
much darker colour than the sulphite. 

When the pulp is examined under the microscope, the 
pitted cells in the fibres of the soda pulp contain a little 
nucleus of green colour, which is easily detected. This 
test is not of much value, since many of the fibres even of 
the soda pulp do not show any strongly marked pitted 
vessels. 

Soda Recovery . — In the treatment of wood and other 
fibres by the soda process, at least 50 per cent, of the 
weight of raw material is dissolved, the yield of paper 
pulp being about 45—50 per cent. The soluble soda 
compounds formed during the opeiation are rich in organic 
matter, and advantage is taken of this fact to recover the 
soda used. The black liquors discharged from the digestor 
are stored in tanks, together with much of the water used 
for washing the boiled pulp, and then concentrated by some 
system of evaporation. When the'' liquors are sufficiently 
concentrated, a thick pasty mass is obtained containing a 
large proportion of organic resinous matter, and this on 
being submitted to the action of a furnace catches fire and 
burns. The substanc^e is thereby converted into a dry 
burning mass, and after the combustion is completed the 
resultant material consists mainly of impure carbonate 
of soda. 

The whole process is one that calls for considerable skill 
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and attention, particularly in the methods employed for 
utilising all the available heat. The cost of evaporation of 
the liqtiurs and subsequent combustion of the black liquor 
is reduced to a minimum by a carefully regulated system of 
washing in order to prevent the accumulation of a large 
volume of weak washing waters, and by the utilisation of 
the waste heat obtained by the combustion of the organic 
soda compounds in the concentrated liquor. 

The following description of a modern recovery plant will 
afford some idea of the process. 

When the digestion of the wood or fibre is complete, the 
hot black lye is discharged from the digestor^ into storage 
tanks, which are usually fixed above the combustion 
chambers so as to maintain the temperature and prevent 
loss of heat. The fibrous material in the digestor is then 
washed with hot weak washings from some previous 
boiling, and lastly with hot clean water. The final 
washings only contain a small percentage of soda, and 
these are utilised as far as possible for a preliminary 
treatment of fibre from which the strong black lye has 
just been removed. The systems of washing vary in 
different mills, but the main object is the same in all 
cases, viz., a maximuifi recovery of the soluble soda com- 
pounds with a minimum volume of water. 

The evaporation of the black lye is effected by the use of 
a Porion furnace or a multiple-effect evaporator. 

The Porion Evaporator consists cd a number of shallow 
pans built of brick, arranged in the form of an enclosed 
chamber, on the top of which are placed th*e tanks contain- 
ing the liquor to be treated. A furnace at one end supplies 
beat, which sets fire to the concentrated liquor in the 
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adjacent pan, and the heat derived from the combustion of 
the thick lye is utilised in further evaporation of the liquor 
in the other pans and chambers. The Porion is in effect an 
evaporatof and incinerator. 

The Multiple - ejf'ect Evaporator is based upon the 
systematic utilisation of heat and reduction of pressure in 
the containing vessels, in series, so as to produce maximum 
vaporisation effect per thermal unit. The spent liquors are 
pumped through a series of tubes contained in several 
cylindrical vessels, the tubes of the first vessel being treated 
externally by steam at a pressure of 15 — 20 lbs. The 
liquor i)assing through the tube is raised to boiling point, 
and on being discharged into a separating chamber gives up 
the steam produced. The steam so liberated then becomes 
the heating agent for the series of tubes in the second 
cylindrical vessel, and the partly concentrated liquid falling 
to the bottom of the separating chamber is drawn by a 
vacuum through the tubes of the second vessel, which are 
therefore under reduced pressure. The process is repeated 
through three or four systems of tubes, in each case the 
steam liberated in the separating chamber being used to 
produce a further concentration of the liquor. 

An apparatus of this kind will veduce 2,000 gallons of 
liquor per hour, having a specific gravity of 1*050 to 400 
gallons with specific gravity 1*250, evaporating off 1,600 
gallons of water per hour. 

The concentrated lii(]uor leaving the evaporator is dis- 
charged into storage tanks and then allowed to flow continu- 
ously into a rdtary furnace. The thick lye catches fire, 
burns with a steady flame, and is discharged ^as a black 
mass still burning, which is wheeled away, and allowed to 
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char until the black carbonaceous matter has completely 
burnt off. 

SulphitL process . — First introduced by Dahl in 1883, for 
the treatment of straw^ but now considerably applied to 
coniferous woods which do not soften under the soda treat- 
ment as the foliage of dicotyledenous woods. 

Sulphate of soda from which the process derives its name 
is of course inert, i.e. without action upon the wood sub- 
stance and is added as a source of alkali, and to make good 
the mechanical losses in the process of recovery of the 
soda. 

This loss is approximately 10 per cent. From an 
analysis of sulphate li(pior (see later) it is seen that there 
ic a large proportion of sodium sulphide ; this is not added 
as such, but is formed by the reduction of the sulphate 
to sulphide in the process of recovery when the residue is 
ignited, this reduction being effected by the soluble organic 
matter in combination with soda. 

The sulphide has a hydrolysing action, similar in 
character to caustic soda, but has another function in 
that ,it has the effect of aiding the splitting of the lignono 
complex from the cellulose proper. This dissociating 
characteristic is clearly* seen when wood is treated with 
a mixture of sodium sulphide and hydrate, as against 
caustic alone of the same soda content. 

The general manufacture of sulphate pulp is restricted, 
for though the process yields an excellent pulp, yet the evil 
smelling compounds formed by the interaction of the 
sodium sulphide with the organic matter, •limits its pro- 
duction to sparsely populated districts, as in Germany and 
Austria. * 



140 


WOOD PULP AND ITS USES 


Analysis of Sulphate Liquor. 

Sodium sulphate . . .37 per cent. 

Caustic soda . . . .24 per cent. 

Sodium sulphide . . • 28 per cent. 

Sodium carbonate . . . 8 to 10 per cent. 

Sodium acetate . . . 2 to 3 per cent. 

Soda and Snljdiite Pulps . — Although at one time the 
woods employed for the production of sulphite pulps were 
almost exclusively pine and spruce, and the soda process 
was applied chiefly to poplar and dicotyledonous woods, the 
two processes are now used almost indiscriminately for any 
wood capable of yielding a paper-making fibre. 

It is exceedingly difficult to differentiate the processes by 
an examination of the chemical or microscopical character- 
istics of the fibres or the pulp, especially when the pulps 
have been bleached. There are certain broad distinctions 
between pure unbleached soda and unbleached sulphite 
pulps which can be readily noted, but these are not easily 
detected in papers containing a mixture of the two. 

It is impossible to state with any certainty that a 
bleached soda paper does not contain sulphite pulp, 
though any marked deviation frbra qualities exj^ected in 
a soda paper would indicate the presence of sulphite pulp. 
If the soda pulp has been made from poplar wood, it is 
easily detected, and the admixture of any spruce may be 
approximately deteripiined, but if the soda pulp has been 
made from spruce, no satisfactory analysis is possible. 

The differences between soda and sulphite pulps, even 
when prepared from the same type of wood, may be found 
in the physical qualities, since the soda pulp is of a light 
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brown colour, soft and bulky, and very tenacious, while 
the sulphite pulp is reddish white, harsh, strong and 
less bulky. The presence of a much larger percentage 
of natural wood resin in suli3hite pulp, namely, 0*5 per 
cent., as against O'Or) per cent, in soda pulp, can be used 
as the basis of a test, but it is of no value for sized 
papers. 

A small quantity of the pulp is heated continuously 
with carbon tetrachloride. The solution placed in a fresh 
test tube is mixed with an equal volume of acetic anhydride, 
cooled, and added to a few drops of concentrated sulphuric 
acid. With soda pulp no definite reaction occurs, but with 
sulphite pulp a pink coloration changing quickly to green 
is produced. 

The Bleaching of Wood Pulp. 

Two methods are in use for the bleaching of wood pulp, 
the most general being the employment of ordinary bleach- 
ing powder, and the second being the treatment of the pulp 
by means of solutions of hypochlorite of soda or magnesia 
prepared by electrolysing the chlorides. This method of 
electrolytic bleaching is finding general favour amongst 
manufacturers when the* power required can be supplied at 
a cheap rate. 

Bleaching with Chloride of Lime , — The general principle 
of bleaching wood pulp by means of a clear solution of 
ordinary chloride of lime is simple^and fundamentally a 
process of oxidation. The method consists in immersion of 
the pulp in a given quantity of diluted fileach liquor of 
definite strength, bqt many modifications of method are 
available, and need to be closely studied in order to produce 
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the best results economically. The various systems in use 
may be briefly described. 

Bleaching in the Potcher, — This is the process most 
generally adopted by the paper-makers. The sheets of dry 
pulp are put into the potcher with water, broken up, and' 
a definite volume of clear bleach liquor is added. The pulp 
is continuously circulated until the desired colour has been 
obtained, or until the bleach has been completely exhausted. 

When the operation is completed, the pulp is washed con- 
tinuously with fresh water, the exhausted bleach liquor and 
washings being removed in the usual way by means of the 
drum washer. In many cases the pulp is discharged into 
large tanks provided with perforated false bottoms and the 
washing process completed by draining. 

Bleaching in Drainers, — A modification of the above 
process which gives good results is frequently used. The 
pulp is broken up in the potcher, the requisite amount of 
bleach liquor is added and the contents of the potcher at 
once discharged into tanks where the bleaching process is 
allowed to proceed with the mass at rest. This method 
requires longer time, but gives excellent results in point of 
colour and economy of bleach. 

Bleaching by the Tower system, — For this process of con- 
tinuous bleaching a series of cylindrical vessels with taper- 
ing bases is used, about 16 to 20 feet high and 8} feet in 
diameter. 

The stuff is kept in circulation by means of a pump fitted 
at the junction of the tapering ends with an external pipe, 
the latter being so arranged that the circulating stuff can be 
pumped into the tower or to the adjacent one of the battery. 

Fitted in the upper part of the tower is a cone, arranged 
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centrally with, anu almost touching, the sides of the outer 
cylinder to ensure. thorough distribution of the stuff, as it 
is pumped up the external pipe (see Fig. 19). 

It is usual in a modern battery of bleaching towers to 
pass the stuff as it comes up from the potcher through 
a concentrator in order to remove a large proportion of 
water whereby the bleaching is carried out more economic- 
ally and expeditiously. 

In series with the last bleaching tower also there is a 



Fig. 19. — Tower Bleaching Plant. 

This photograph on a reduced scale represents a plant capable of 
bleaching 10 tons of half stuff per diem. 

second concentrator, which removes the residual bleach 
liquor to a great extent, the necessary washing being 
reduced thereby to a minimum. 

This machine is very simple and compact, and capable 
of a large output. 

It is on this account to a certain extent replacing the 
more costly presse-pate system of pdrification. It consists 
of a revolving drum made with a central internal cone, so 
as to deliver water at both ends. The shell itself is of 
brass, drili'ed with, holes and covered with a wire cloth. 
The stuff is pumped up through a butterfly throttle valve 
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into a splaying mouth, thus causing the pulp to flow along 
the whole width of the drum cover. 

The cover or hood is so arranged by means of packing, 
that the water in the half-stuff can be forced through the 
wire cloth of the revolving drum, by a pressure of 2 to 3 lbs. 
per square inch, leaving a mat of fibre upon it. 

The pulp is then picked off the wire by means of a 
jacketed couch roll, and a wooden doctor fitted to the latter 
serves to scrape off the fibre into boxes. An economy of 
about 25 per cent, in the bleach consumption over the 
ordinary method employed with a minimum of power is 
claimed by this system. The total time occupied in bleach- 
ing is usually about twelve hours without heat. 

Automatic Process. — In many wood pulp mills the 
** tower ” system is so contrived as to produce a con- 
tinuous automatic bleaching of the pulp. The pulp dis- 
charged from the digesters is thoroughly washed and then 
pumped into a series of large cylindrical vessels, so arranged 
that a continuous stream of pulp and water enters the first 
vessel together with a carefully regulated quantity of bleach 
liquor which also flows into the first tank at a constant rate. 
The mixture gravitates into the se^^ond vessel of the series, 
then into the third, and in this way through all the vessels, 
until on reaching the last tank the bleach is fully exhausted 
and the pulp has attained the desired colour. The bleached 
pulp is then removed and thoroughly washed. 

Conditions for Economical Bleachincj . — It is difficult to 
accurately compare the methods adopted by paper-makers in 
bleaching wood pulp for the purpose of determining which 
system gives the best results, but there are certain conditions 
common to all methods. 
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In the first place, the bleaching powder must be of good 
quality, containing the specified percentage of available 
chlorin^. The extraction of the soluble calcium hypo- 
chlorite also needs careful attention, as serious losses fre- 
quently occur when the powder is not properly exhausted. 

With chloride of lime containing 35 to 36 per cent, of 
available chlorine the quantity of clear bleach liquor 
obtainable for various densities is shown in table : — 


Table showing the Numbeu of Gallons of Bleach Liquor 
OBTAINED from 1 CWT. OF PoWDER (lU TO 3G TER CENT. 
OF CnLORINE), 


Twartdell. 

Available chlorine. 
Lbs. iier 100 t(ulloii.s. 

GalloiiH from 1 cwt. 
34 per Cent, powder. 

Gttllons from 1 cwt. 

30 pur Cfjit. pooler. 

20 

61-50 

01-2 

00-0 

19 

6H-B) 

05*3 

09-0 

18 

55-18 

09-0 

73-0 

17 

52-27 

73-5 

77-0 

10 

48-90 

77-7 

82-5 

15 

45-70 

84-0 

88-25 

14 

42-31 

900 

97-5 

13 

39-11 

98-3 

104-2 

12 

35-81 

100-4 

112-5 

11 

32-08 

110-5 

120-5 

10 

29-01 

129-0 

137-2 

9 

20-02 

142-0 

151-5 

8 

23-75t 

100-3 

109-7 

7 1 

20-44 

180-1 

197-2 

’ 6 1 

17-30 

219-5 

332-4 

5 

14-47 

204-0 

278-0 

4 

11-44 

334-0 

352-5 

3 

8-48 

44S-2 

475*5 

2 

6-58 

681-0 

722-6 

1 

2 71 

14015-0 

1488-0 

i 

1-40 

2 i 25-0 

1 

2883-0 


Any devi&tion frogtn the above figures may be traced to an 
unnecessarily prolonged agitation of the powder with water 
w.p. T • 
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or an imperfect washing of dregs. Fifteen minutes is 
sufiicient to produce a liquor of maximum density with a 
residue which settles readily ; if the operation is continued, 
as it often is, for an hour or more, the insoluble residue 
becomes bulky and does not settle quickly. The result 
is that the first strong liquor cannot be so completely 
siphoned off from the residue. The best plan is to exhaust 
for fifteen minutes, allow the sediment to settle completely, 
siphon off as much as possible, and to agitate the residue 
for another fifteen minutes with fresh water, adding the 
weak liquor when clear to the first extract, so as to give 
a stock bleach liquor for use in the mill at a density of 
6° Tw. The dregs are again exhausted with water and 
the weak liquor so obtained utilised in exhausting the next 
batch of powder. 

It should also be noted that fresh liquors cannot be kept 
indefinitely in store tanks without deterioration. 

The unstable nature of solutions of bleaching powder, 
and the loss of available chlorine entailed when the liquor 
is not used under proper conditions, is well known to most 
paper-makers, although such depreciations in bleaching 
value are not always expressed in^numerical terms. The 
following experiment will throw some light on the character 
and extent of the changes found in ordinary bleach liquor, 
when stored. 

Some fresh bleaching powder was taken, and a solution 
made by extraction with distilled water, having a strength 
of 7° Tw. Thr^e samples of liquor were put aside under 
the following conditions : — 

A. Sample of clear liquor in stoppered bottle. 

B. Sample of liquor in an open vessel, and left exposed, 
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the crust of chalk which quickly formed on the surface 
being^left undisturbed. 

C. Sample of liquor in an open vessel, agitated twice a 
day, at 9 a.m. and 4 p.m. 

These solutions were tested once a week, with a standard 
decinormal solution of arsenic. 


Table Showing C.O. of Arsenic Solution Required by 
1 O.C. of the Bleach Jjiquor. 



A 

B 

c. 

Ftiiiod. 

iHittlo. 

Open \ess<-l, 
not (Iistiii bed. 

Open ve.ss(d, 
Uj^ilated. 

At start .... 

7’0.5 

7 '00 

7'00 

After 1st week 

0-90 

6-90 

3 -91) 

M 2iid ,, 

(>'80 

6*60 

0'4() 

,, 3r(i ,, 

1 6*8 

1 4'() 

0-27 

„ 4th „ 

6-8 

2*7 

O'lO 


In the case of the bleach liquor preserved in a bottle and 
kept away from contact with air, the loss of available 
chlorine is very sligljt. In the open vessel, where the 
formation of a crust has prevented continual contact with 
air, the reduction of strength is slight the first two weeks. 
Probably the rapid fall in the later weeks of the period 
may be due, in some measure, to the disturbance of the 
crust in removing samples for titration. In the case of the 
solution agitated each day the loss of strength is very rapid. 

The precise value of these changes are readily seen by 
reference to the accompanying tables, in which the losses 
are set out. 
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Taule Showing Available Chlorine in 100 C.C. of 
THE Bleach Liquor. 



A 

Griiminps. 

B. 

firaiiimofi. 

1 

C. 

Grammes. 

At start . 

. 


2-50 

2-nO 

2-.)0 

After 1 week . 

. 

. 

2-45 

2-45 

1’38 

„ 2 weeks . 

. 

. 

2-43 

2-34 

0-14 

4 .. . 



2-40 

0-96 

005 


Expressing these results in a form more familiar to 
paper-makers — that is, in terms of the weight of normal 
bleaching powder — we get the following : — 


Table showing the available Chlorine expressed as Lbs. 
OF Normal Bleaching Powder per 100 Gallons. 



A. 

Lba. 

B. 

Lbs. 

0. 

Lbs. 

At start , 

. 

. 

70*5 

70-5 

70-5 

After 1 week 

• 

• 

69-0 *■ 

690 

390 

„ 2 weeks 

. 

. 

68-5 

660 

40 

»> 4 ,, 

• 

• 

68 0 

27 0 

1*5 


The storage of the bleach liquor in the paper mill usually 
resembles the conditions of experiment B, and it will be 
noticed that the depreciation for the« first wbek is very 
fliight indeed. 
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The principal chemical change brought about by exposure 
to air is the disappearance of calcium hypochlorite and 
the iifcrease in the percentage of calcium chloride, con- 
current with the formation of a considerable amount of 
chalk, more particularly with the sample agitated each 
day. 

Use of Residual Liquors . — The practice sometimes adopted 
of utilising residual liquors washed out of the potcher on 
the completion of a bleaching operation cannot be generally 
recommended. 

** Back liquors ” may be reported as containing available 
chlorine ” in useful quantity from the density as tested by 
the hydrometer, in conjunction with the occasional applica- 
tion of the usual chlorine test solution, viz., starch paste 
and potassium iodide. The latter test, however, has no 
quantitative value, and the usefulness of the hydrometer as 
an indirect indicator of chemical strength depends upon the 
correct interpretation of density. Direct chemical tests are 
alone able to reveal the actual condition of the back 
liquors. 

Circumstances under which residual liquors could be 
used with any advantage are to be found in mills where 
water is scarce. In sufch cases the pulp from boiling opera- 
tions might be treated with the residues for the purpose of 
using up any traces of bleach, and also economising washing 
waters. 

Composition of Residual Liquors.y-The liquors left after 
the bleaching of wood pulp are of a complex composition, 
They contain soluble organic compounds, Vesinous matters, 
lime saltsf residual hypochlorites and salts of higher 
oxides of chlorine (acids), e.g., chlorites and chlorates. 
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Temperley gives the analysis of such a wood pulp liquor 
as follows : — 

Lbs. |;er 
1,000 gallons. 

Mineral residues, chiefly calcium chloride 126*6 
Organic residues, volatile on ignition . 62*0 

Total solids, dried at 100° C. . 1S8*6 


The surface scum obtained from the liquor bad the 
following composition : — 

Lbs. per 
1,000 gallons. 


Resinous matter 

• 

. 

. 2*17 

Lime . 

• 

• , 

*80 

Moisture . 

. 

, , 

. 8*90 

Fibre 

• 

• 

. 2*40 



Total 



The compounds in solution in residual liquors are very 
unstable, and react easily with the hypochlorite of fresh 
bleaching powder, so that the emplcfyment of washings in 
conjunction with raw bleach solution must result in a waste 
consumption of powder per ton of air-dry pulp. 

Temperley has shown this by some interesting experi- 
ments, and we quote these as illustrating an important 
factor in economical bleaching. Definite quantities of 
bleach solution \(ere added to known volumes of ordinary 
water, and similarly to equal volumes of a carefully filtered 
residual liquor from the bleaching of a sulphite pulp. The 
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Bolutions were tested for a period of four hours at diffei ent 
temperatures, the results being very different in character. 


Experiments wjth Ordi.vauy Wateu. 


Solution. 

Tomperaturo 

used. 

Pleaching 
Grains jier 
gallon. 

powder u.sed. 
Lbs. ])er 1,000 
gallons. 

Water 

70° Eahr. 

4-20 

0-60 

>> 

90° „ 

4-90 

0-70 

n 

120° „ 

9-10 

1-80 


Experiments with Residual Liquors. 


Solution. 

Liquor 

1) 


Bleacjhing powder used. 

Temperature Grains per Lbs. per 1,000 
used. gallon. gallons. 

70'^ Eahr. 11)4-20 27-70 

90° „ 248-50 85-50 

120° „ 784-00 112-00 


The figures here show that residual liquors, even if 
colourless, are positively detrimental to efficient bleaching. 
Practical work demonstrates this, not only from the point 
of view of consumption, but, what is often of greater 
importance, from the point of view of colour. The same 
defect is found to a lesser degree in the use of untillered 
water, or water coloured by vegetable matter in solution, 

, It is evident, therefore, that the practice of using residual 
liquors should be confined to their use for partial washing, 
and that they should not be used for diluting strong bleach 
liquors. 

There are many interesting and important details to be 
noted in connection with the bleaching of ,wood pulp. The 
process is^ frequently hastened by the use of live steam, 
which is blown intb a mixture of pulp in the potcher. The 



152 


WOOD PULP ANJ) ITS USES 


rate of bleacliinj^ is tluis considerably hastened, l)iifc the 
practice is not one that should be carried to an extieme. 
The economy of bleacli is also controlled to some extent by 
the proportion of water to pulp. In some cases the number 
of pounds of air-dry pulp per pjallon of liquid is much 
lower than it need bo, and this usually tends to a greater 
consinuption of bleach powder. The usual proportions 
are : — 

Air -dry wood pulp . . .100 lbs. 

Amount of solution in potcher lOO gallons. 

The bleaching of very hard sulphite pulps not manu- 
factured originally for bleacdiing may frequently be assisted 
by slight modilications in the process. A refractory j)ulp 
may often bo bleached to a good colour by the oi)t‘ration 
known as “ successive bleaching.” The pulp is treated 
with a certain proportion of bleacli liquor, which is then 
ashed out and followed by a further cpiantity of fresh 
bleach liquor. This method is often sufticient to remove 
the yellow tinge found in half-stiilf from poor qualities of 
pull). 

Caustic soda may sometimes be used with advantage as a 
preliminary process in bleaching haiul pulps which exhibit 
a reddish colour, but it is not economical to bleach “ low 
boiled ” pulps, as the bleach consumption is too great, 
sometimes reading 110 per cent. Even simple washing with 
hot water before bleachjng gives a pulp of greatly improved 
colour. 

The improvements due to preliminary washing may be 
traced to the presence of soluble constituents, the nature 
of which is at present unknown. That 'these constituents 
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exercise a considenible iniiucnce on llie bloachin^r i^wy he 
seen from the fullowin^^ experiment : — 


Vri.r i)LEA('JlED FOR TjLREE llorus AT TO^^Faitr. 


( ‘unililioiis of hlf.K 

1*1-1 (-1 III Ml- 1( li 
< niisiiiiK i| 


Pulp hleaclicd lu tho ouliiiiiiy wav 



ill a sliallow dish . . . 

1()\S 

Moderate 

Pulp bleached in the ordiiiarv way in 



a bottle ...... 

10 s 


Pul}) bleaclu'd after being first ex- 



tract('d witli water 

1110 

( iood. 

Pul]) bleaelu'd afti'r extraction with 



water lollowed by other . . i 

7-() 

\73ry good 


The “time element’’ is an importatit factor in many 
n.ills ()\\iu<y to the lack of a(l(M|uate bbiacliing plant, which 
in many cases can be attributed to the fact that the output 
of j)aper is increased by additional machines, but that this 
is not accompani(;d by the installation of further plant for 
the preliminary operations. Some pulps bleach quickly 
and readily, while others occupy a much longer time. It 
is not, of course, possible to dettuunine whether a pulp will 
bleach easily by mere siq^erlicial observation; this can only 
deal with the associated characteristics of the pulps. The 
rate of bleach consumption is a close index of gemu’al 
bleaching quality, and the following experiment is of inte- 
rest as sho\^ing the differences between pulps which do not 
exhibit any great differences when simply judged on external 
characteristics : — 

K.Tpcnmnit 1. — Brand C. An ordinary soda wood ])ulp. 
50 grammes air-dry pulj^ with 450 c.c. bleach liquor at 
05” Fajir. (containing bleach solution equivalent to 
11*7 grammes (*f dry bleaching powder). 
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rate of bleacliinj^ is tluis considerably hastened, l)iifc the 
practice is not one that should be carried to an extieme. 
The economy of bleacli is also controlled to some extent by 
the proportion of water to pulp. In some cases the number 
of pounds of air-dry pulp per pjallon of liquid is much 
lower than it need bo, and this usually tends to a greater 
consinuption of bleach powder. The usual proportions 
are : — 

Air -dry wood pulp . . .100 lbs. 

Amount of solution in potcher lOO gallons. 

The bleaching of very hard sulphite pulps not manu- 
factured originally for bleacdiing may frequently be assisted 
by slight modilications in the process. A refractory j)ulp 
may often bo bleached to a good colour by the oi)t‘ration 
known as “ successive bleaching.” The pulp is treated 
with a certain proportion of bleacli liquor, which is then 
ashed out and followed by a further cpiantity of fresh 
bleach liquor. This method is often sufticient to remove 
the yellow tinge found in half-stiilf from poor qualities of 
pull). 

Caustic soda may sometimes be used with advantage as a 
preliminary process in bleaching haiul pulps which exhibit 
a reddish colour, but it is not economical to bleach “ low 
boiled ” pulps, as the bleach consumption is too great, 
sometimes reading 110 per cent. Even simple washing with 
hot water before bleachjng gives a pulp of greatly improved 
colour. 

The improvements due to preliminary washing may be 
traced to the presence of soluble constituents, the nature 
of which is at present unknown. That 'these constituents 
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rapidly during the first hour, and then the rate of con- 
sumption is quite uniform for the following six hours. 

Finall}^ with Brand A the puli^, in common with most 
brands, consumes bleach rapidly at first, but afterwards 
the rate of consumption gets slower and slower. 

These three brands are typical of the conditions which 
will occur with the majority of pulps. The rate of con- 
sumption beyond the period of seven hours is not of 
immediate interest to the paper-maker, but it is still a 
question of some moment in an investigation of tliis kind. 

Owing to the great differences between pulps as to tlieir 
bleaching qualities, it is important to have methods for 
determining the amount of bleach consumed in bringing 
the pulp to any desired colour. The following methods 
may be adopted : — 

The Approximate Method of Determining the Consumption 
of Bleach —The behaviour of the pulp when brought into 
contact with bleach solution can be studied by paper- 
makers to some extent without special appliances or chemi- 
cals, provided they possess some fairly sensitive balance 
and a few measuring vessels. The following rough-and- 
ready method may he adopted with advantage in many 
circumstances, although ijie results are only approximate, 
and cannot be accepted as correct enough for purposes of 
settling any disputes : — 

Take 200 grammes of the pulp and wet out in ^^arm 
water; place in a large bottle with a ^further quantity of 
water; add a few beads or, better, garnets, and shake 
vigorously. Most pulps can be broken up sufiiiiently for the 
laboratory test in this way. Strain off in a sieve, squeeze 
out excess of water, aiiff divide the moist mass into a number 
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of equal parts, e.g., 10 portions, so that each lot represents 
20 grammes of the original air-dry pulp. Pulps which will 
not break up easily by this method are reduced with pestle 
and mortar to the required condition of complete disin- 
tegration. Unless the pulp is thoroughly broken up, the 
mass bleaches unevenly and does not give uniform results. 

Now to each portion, in a convenient open vessel, add 
200 c.c. water and varying quantities of clear bleach liquor 
from mill stock, so as to obtain a series of bleaching tests. 
If the mill stock of liquor stands 0^ Tw., then it ia 
sufficient to take the following data : — 

1 gallon of 6® liquor = ^ lb. of good bleaching powder. 

1,000 c.c. of 6^ liquor = 50 grammes of good bleaching 
powder ; 1 c.c. = *050 grm. 

From this assumption it is possible to work out the 
several quantities of liquor required in the experiment 
suggested. 

The following table shows the necessary volumes of 
liquor for certain percentages of dry powder : — 


Xo. 

Grammes of 
nir-diy pulp m 
mixtuie. 

Percontafio of dry 
bleucliuiK powder 
to be added. 

Actual weight of 
dry pow(ier 
^ recpiired. 

Volume of bleach 
liquor to ^ive the 
weight of powder 
stated. 

1 

20-0 

20 

0‘4 gl lUH. 

8*0 c.c. 

2 

2()’0 

d'O 

0-8 

10-0 „ 

d 

20-0 

6-0 

1-20 ,, 

24-0 „ 

4 

20-0 

8-0 

POO „ 

3-0 „ 

0 

20-0 

1 100 

2-00 „ 

40-0 „ 

6 

20() 

120 

2-40 „ 

48 0 „ 

7 

20-0 

140 

2-80 „ 

oO O „ 

S 

2()'e 

KJO 

3-20 „ 

1 04*0 „ 


200 

18-0 

3- HO „ 

72 0 

10 

1 

20-0 

200 

4-Op „ * 

80*0 „ 
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If all these mixtures are started simultaneously, it is 
only necessary to stir them occasionally and to note the 
time at which the bleach liquor in each becomes exhausted. 
The time of exhaustion is determined by means of starch 
and iodide test papers, which give a blue coloration as 
long as the mixture contains any available chlorine. The 
observer will then add another column to the above table, 
setting out the various periods of exhaustion. ‘ 

This experiment not only serves to bring out clearly the 
rate of consumption, but also gives information as to the 
amount of bleach required to produce a certain result in 
reference to colour. For example, the colour gradually 
improves from test No. 1 up the scale towards No. 10. 

In the case of a pulp which requires about 10 per cent, 
of dry bleach, the changes in colour between tests numbered 
7 and 8 will be very slight. Test No. 8 may represent a 
maximum of colour with a certain percentage of bleach, 
which maximum it may not be necessary to reach for the 
particular paper being manufactured. This is a matter for 
the paper-maker to decide. 

Standard Method . — A more accurate method of deter- 
mining the amount of bleach required for pulp, and one 
which might be acceptable as a standard official method, is 
given in the form of instructions as follows : — 

Selection of Samples from Bvlk . — From the bales of pulp 
delivered into the mill select 2 per cent, of the number of 
bales. From each of the selected balls remove one sheet. 
The sheets so obtained should then be divided into two 
portions, one of which is to bo retained for purposes of 
reference and*the other pontion utilised for the laboratory 
test. 
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Selection oj Laboratory Test Samples . — Cat small strips 
i inch wide, and any convenient length of 2 oy^ 3 inches 
from each of the sheets in the bulk samples, sufficient to 
give three or four lots of about 10 grammes each. 

Preparation of Bleach Liquor . — Make up a bleach solu- 
tion containing 40 grammes of good powder per 1,000 c.c. 
This gives a 4 per cent, (vol.) solution, which is a convenient 
working strength. If 40 grammes of good bleaching 
powder are thoroughly mixed with water and filtered, the 
residue being properly washed and the filtrate made up to 
1,000 c.c., the final solution is of such a strength that 
4 c.c. of standard arsenic solution is equal to 1 c.c. of the 
clear bleach liquor. This figure will vary according 
to the quality of the powder and the completeness of the 
washing of the powder. The solution should be carefully 
standardised with decinormal solution of arsenic, so that 
the percentage of available chlorine is known, and the exact 
number of c.c. giving 1 gramme of 35*5 per cent, bleaching 
powder, calculated. The convenience of making up the 
solution in this way is obvious. If we assume a good 
bleaching powder as one containing 35*5 per cent, available 
chlorine, then , 

( *00355 grm. Cl. or 
1 c.c. standard arsenic = < *01 grm. bleaching 
\ powder. 

25 c.c. bleach solution = 1*0 grm. bleaching powder. 

Preparation of Test Sample . — Weigh out exactly 10 
grammes of the pulp from the selected test sample, macerate 
and beat in a mortar with successiT^e small quantities of 
water, using for this purpose 60 c.c. Place the mixture in 
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a beaker, standing this in a water bath, by means of which 
the mixture can be heated. 

The o\)iect of using a measured quantity of water, 50 — 
60 C.C., is to ensure that the final mixture of pulp and bleach 
contains a definite proportion of solution to the amount of 
dry pulp taken for the experiment, reasons for which have 
already been discussed. 

Bleaching . — Add 62*5 c.c. of bleach liquor to the contents 
of the tumbler, stir with a glass rod, and add 47 — 50 c.c. of 
water. 

The proportion of solution to air-dry pulp varies con- 
siderably in different mills. The average of figures which 
iiave been placed at the disposal of the writer would 
indicate that the following proportions might be utilised for 
purposes of experiment: — 10 grammes of air-dry pulp and 
160 c.c. of solution. With regard to the amount of bleach 
liquor used, experience would suggest taking an excess of 
bleach liquor and determining the bleach unconsumed in 
the solution. Most pulps can be treated by adding bleach 
liquor obtained from good bleaching powder equivalent to 
25 per cent, of the weight of wood pulp taken for ex[)eri- 
ment. In the above case 62*5 c.c. of a good bleaching 
solution would be equivalent to 2*5 grammes of powder. 
This figure, as already explained, will vary slightly, but as 
the value of the solution is determined by means of standard 
arsenic, the variations can be easily allowed for. 

Temperaturey etc, — Maintain the water bath at a tempera- 
ture of 100° Fahr., stirring the mixture occasionally with a 
glass rod, and testing the solution from time to time with 
starch iodideT paper. , When the colour reaches the required 
standard, filter off the solution and wash the pulp. 
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A filter paper is not necessary for the purpose of sepa- 
rating the solution, because the pulp, when thrown into a 
funnel, acts as its own filter. The washing should be 
continued until the filtrate shows no coloration with starch 
iodide paper. 

Titration of Filtrate , — The amount of unconsumed bleach 
in the filtrate is determined by means of standard arsenic, 
and thus the amount of bleach actually consumed by the 
10 grammes of pulp accurately determined. The amount 
of powder used for the bleaching of the pulp is then a 
matter of calculation. 

Checking the Result . — If the amount of bleach originally 
added proves to be much in excess of that actually consumed, 
carry out a second test, using bleach liquor containing a 
slight excess above the equivalent of bleaching powder 
shown by the first experiment. 

In all experiments of this kind it is advisable simply to 
use only a slight excess of powder, and if the appearance of 
the wood pulp gives some clue as to the probable amount 
of bleach, the first experiment will frequently give the 
desired result without a check test. 

Savqile Sheets of Bleached Pulp . — By means of a small 
hand mould make up a few sheets from the bleached pulp, 
in order to have a permanent record of the colour produced 
under the conditions of the experiment. Attach these 
sheets together with one or two pieces of the original pulp 
to the certificate. 

Recording the Colour of Pulp . — It sometimes happens that 
with a series of pulps bleached under similar conditions the 
sheets vary but little in colour. Sitph small differences 
point to the necessity of a method of recording colour 
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more correct than comparative verbal descriptions. Exact 
records are those of colour analysis by means of the Tinto- 
meter. The following experiment may be quoted as an 
example : — 

Three varieties of sulphite pulp were examined, and small 
sheets were made up from the three samples as follows : — 

(1) Sheets of the original unbleached pulp. 

(2) Sheets from the pulp after being bleached with 10 
per cent, of bleaching powder. 

(3) Sheets of the pulp after treatment with 18 per cent, 
of the powder. 

The colour analysis of the samples is given in a table. 

These results are interesting and instructive, as showing 
the gradual elimination of the non-cellulose constituents of 
the pulp and the exact changes in colour due to the varying 
extent of bleaching or oxidising action. The stages of colour 
are represented by the combinations of the standard glasses 
used. In the original pulp w'e have the combinations of 
red, yellow and blue ; in the pulp bleached with 10 per 
cent., red and yellow only, and in the final product some 
traces of yellow. This table (see next page) is the more 
interesting because the gradual elimination of the colouring 
matter is expressed in numerical terms. 

The significance of the colour readings is naturally 
only familiar to those who are constantly handling the 
Tintometer instrument. When an observer has become 
accustomed to the depth of colour of *the various standard 
glasses, then the numerical expression conveys an accurate 
idea of the colour, so that after some practice he obtains a' 
mental pictuife of the colour of the pulp from the figures 
which record the visual colour. 


w.p. 


M 
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Electrolytic Bleaching, 

This term, in its stricter and more correct sense, implies 
a process in which a bleach liquor prepared by electrolytic 
methods, is used as a substitute for the calcium hypochlorite 
solution obtained by treating ordinary bleaching powder 
with water. In practice this resolves itself into the use 
of a sodium hypochlorite solution prepared direct from 
common salt by electrolysis. 

In a wider sense the term may also .b© applied to the use 
of bleaching powder which has been manufactured from 
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chlorine obtained electrically from salt. In this case the 
process is only an indirect “electrolytic bleaching,” since 
the actuSl bleaching agent is still ordinary chloride of lime. 

In their relation to the bleaching of wood pulp both 
systems need to he considered, since there might be certain 
advantages with the indirect electrolytic treatment in 
factories favourably situated. 

In the first system a solution of common salt is submitted 
to the action of an cdectric current, which decomposes the 
sodium chloride and ultimately produces two substances, 
caustic soda and chlorine. These products interact in the 
solution to form sodium hypochlorite, which is then at 
once available for bleaching. Only a small proportion of 
the salt is actually converted into the active hypochlorite, 
and the process depends for its commercial success on a 
supply of cheap salt and electrical power. 

In the second system a solution of common salt is also 
Bubmitted to electrolysis, but the resultant products of 
decomposition are carefully separated, and not allowed to 
combine. The caustic soda is drawn off continuously and 
subsequently concentrated, while the chlorine gas is taken 
off and brought into contact with dry lime for the manu- 
facture of bleaching powder, or passed at once into milk of 
lime 'and thus converted direct into bleach solution. Com- 
plete decomposition of the original salt is effected by this 
means, and two products of commercial value are obtained. 
In pulp factories where wood is treatet>by the soda process 
the use of this second system might be a decided advantage. 

The process of electrolysis presents no difffculties in the . 
laboratory, but the p^ractical application of them for the 
purpose of devising a commercial and remunerative system 

‘m 2 
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for the manufacture of alkali and chlorine has proved a 
difficult and costly task. 

The laws of electrolysis, together with the terms and 
nomenclature expressing the relations of current to chemical 
work, are mainly due to Faraday. In regard to the electro- 
lysis of common salt a current of one ampere passing 
through a solution of the sodium chloride will liberate 
1‘82 grammes of chlorine per hour and the equivalent 
■quantity of caustic soda simultaneously. 

The terms usually employed in reactions relating to 
electrolysis are as follows: 

Ampere . — The unit of current or rate of flow in terms of 
coulombs per second (infra). 

Volt , — The unit of electromotive force, or electrical 
pressure, which applied to a conductor having a resistance 
of one olwiy will give a current of one ampere. 

Ohm . — The unit of resistance, which is that of a uniform 
column of mercury 106’3 cm. long, and mass equal to 
14*45 grms. 

Coulomb.— The unit of quantity, or the quantity of 
electricity derived from a current of one ampere in one 
second. 

Watt,— The unit of power is the power of a current of 
one ampere flowing under a pressure of one volt. It is 
equal to one joule per second. 

—The unit of work, or the energy expended in one 
second by a current of one ampere passing through a 
resistance of one ohm, 

. Electrolysis,— The chemical change of decomposition 
produced by a current of electricity passing through a 
solution of a substance. 
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Elratrohfte. — A term applied to the solution undergoing 
electrolysis. 

Electrode. — The terminal conductor, usually carbon or a 
metal, by means of which the current is passed into or 
taken away from the solution undergoing electrolysis. 

Anode. — The conductor or electrode which conducts the 
current into the solution or electrolyte. 

Cathode.— conductor or electrode which conducts the 
current out of the solution or electrolyte. 

Anion. — The product of electrolysis obtained from the 
electrolyte which is given off at the anode, and is always 
electro-negative in character. 

Cation. — The product of electrolysis obtained from the 
electrolyte which is given off at the cathode, and is always 
electro-positive in character. 

Power Consumption. — This is usually measured in “ kilo- 
watts.” 

A watt = ampere X volt. 

A kilowatt = 1,000 (amperes x volts). 

740 watts == 1 horse-power. 

Production of aciire chlorine. — The equivalent of one 
ampere passing through a solution of salt is 1’32 grammes 
of chlorine per hour (at the anode). In practice a smaller 
yield is obtained owing to secondary reactions and equiva- 
lent loss of current efficiency, increasing as the amount of 
” active chlorine ” accumulates. The actual mean produc- 
tion is about one gramme of chlorine per ampere-hour for 
weak liquors. On this basis with a potential^of 3*5 volts, 
J'or 1 gramme chlorine = 1 ampere-hour. 

1 kilo chloVine =*1,000 ampere-hours. 

1016 kilos chlorine = (1,000 X 1,016 X 8'5) watts 
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or 1 ton chlorine — watts. 

= kilowatts. 

The actual consumption of power under the systems now 
in practical use appears to be 5,000 kilowatts lor a ton of 
“ active (‘hlorine.” 

'rhe earliest attempts at the direct industrial production 
of bleach li(pior, /.c. a solution of a liypochlorite, were made 
by K. Tleimite over twenty years ago. On this system the 
electrolyte was a solution of Magnesium Chloride (2 —3 
per cent. iMgCl 2 ), which was electiolysed to a concentra- 
tion of about 3 grammes “ chlorine ” per litre. 

An essential feature of this process was the continuous 
circulation of the electrolysed liquor as betw een the electro- 
lyser and the heating engine, and the realisation of the 
cycle of changes, viz : — the electrolysis of the magnesium 
chloride to hyiiochlorite in the electrolyser and its reversal 
in the beating engine as the result of chemical work done. 
The Hermite system on this principle was found unwork- 
able, for, owing to secondary reactions and waste consump- 
tion of bleaching compounds, the percentage current 
efiiciency was very low. It is still used, how'ever, as a 
method of producing a hypochlorite solution. 

There are now several types ofelectrolytic apparatus in 
use, liased on the conversion of salt (sodium chloride) into 
sodium hypochlorite. 

Ilaaa and Oeitvl Aj)paratns . — This electrolyser is simple 
in construction and’ working, and is in considerable favour 
where small quantities of bleach liquor are required, 
* particularly in laundries and textile works. It consists of 
a narrow earthenware vessel containing lihe electrodes, 
which are so arranged that the vessel is divided into a 
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number of separate compartments, provided with a feed 
pipe to eacli near the bottom, and an overflow channel at 
the toi:^ This vessel is imimirsed in the large store tank 
containing a salt solulioii of 10'^ Be. AVhen the current 
passes, the hydrogen gas lihei-aied at the cathodt^ causes 
the solution to froth and rise up in each compartment. 
This produces an automatic continuous circulation of the 
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electrolyte solution, since the expulsion of. some of the 
latter through the overflow pipes produces a partial vacuum 
in each chamher, which causes fresh liquor to pass into the 
chambers through the feed pipes at the bottom. 

Adequate arrangements of cooling pipes ensure a com- 
paratively low temperature in the cell, whjch is essential to 
the production of a maximum amount of hypochlorite £ftid 
a minimum amourit of chlorate. 
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The current is maintained until the desired strength of 
“ active chlorine ” has been obtained, at which point the 
charge is drawn olf into store tanks, and a fresh quantity 
of salt pumped into the apparatus. The process is 
therefore intermittent. 

The standard pattern for the production of large 
quantities of sodium hypochlorite as required in the paper- 
mill is shown in Fig. 20. 

It is constructed wholly of stoneware, the electrodes are 
made of “ carbon,” and the apparatus is adapted for a con- 
tinuous current at 110 volts. The makers quote the follow- 
ing figures as indicating its output and economy of working, 
based on a 12 hours test : — 

Capacity of Tank 750 litres = 100 gallons. 

Salt used. 280 lbs. = 1G6 gallons at 23° Tw. 

Temperature of solution 20° C. 

Current 43 amperes. 

Potential 110 volts. 

Chlorine obtained 26*73 lbs. 

With these results the figures for the production of one 
ton of active chlorine are : — 

One cell produces in one working day 53*0 lbs. chlorine. 

Power required = tl3’6 kilowatt hours. 

One ton chlorine requires power = 4,800 kilowatt hours. 

and salt = 10*5 tons. 

Siemens and Halske Electroh/ser, — This apparatus is 
already in use in severaf paper-mills, notably the Borregaard 
works of the Kellner - Partington Co. in Norway. The 
electrodes are made of platinum-iridium gauze arranged 
horizontally in shallow stoneware elftctrolysers, or in 
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CHLORINE CAUSTIC SODA CELL 

SECTION 
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Fig, 21. 

iron vessels suitably lined with glass or other insulating 
material. Tljese vessels are so constructed as to form a 
series of small independent decomposing cells, and the 
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solution of salt is passed continuously through the whole 
series. The electrodes are connected up so that no 
electrical connections inside the several electrolysers are 
necessary. The bleaching licpior produced is drawn off 
into reservoirs, or kept in circulation until the “ active 
chlorine ” is at the working strength. 

The makers^ of this apparatus have published interesting 
statistics from time to time and give the following 
particulars in reference to some works in Switzerland. 

At this mill the quantity of bleach liquor obtained in 12 
hours amounts to 2, BOO litres containing 15 grammes of 
active chlorine per litre. 

Current used = 120 amperes at 120 volts. 

Salt consumed = 250 kilos in 2,800 litres of water 
to give 15 grammes chlorine per 
litre. 

Working out the cost of production with the above figures 
the results are : — 


Chlorine produced -- - ^ qqq — = ^4-5 kilos. 

Electrical power = — ^ = 173 k.w. hours. 

\ « 

Electrical power for 1,016 kilos j 173 x 1,016 , , 

chlorine . . . . I = — 3 T 5 — 

Electrical power for 1 ton chlorine = 5,090 k.w. hours. 


Salt f^r 34*5 kilos chlorine = 250 kilos. 

„ „ 1,016 kilos chlorine = 7,500 kilos. 

,, ,, 1 ton chlorine = 7’5 tons salt. 


* “Papermaker’s Monthly Journal,” May, 1910. 
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The following table has been given to show the cost of 
power and salt for one kilogram active Chlorine. 





Cost of powor 

r.ist of .salt 

CosI of power 

No. 

I’m-e lioi' Iilru. 

loi 1 active 

loi 1 acti\c 

iiiKi '.all lor 1 k;,'. 




1 llUlMIlO. 

(‘IlltlllllC. 

at luu chluiiiic. 



(1. 

il. 

,1 

i\. 

1 

1 

4 

1-42 

0-72 

2-11 


1 

•j 

2-.s.> 

0*72 

;3-;37 


u 

1 

.V7 

0-72 

0-42 

2 

1 

4 


o-soi 

2-l()l 


1 

2 

20 

0-S()i 1 

:3-4()4 


0 

1 

7) '2 

()*.S03 

O-OOl 

li 

1 

4 

1-2 

DOS 

2-2S 


1 

2 

2*4 

l-os 

O’-Is 


u 

1 

4%S 

1-OS 

•VSS 

4 

1 

4 

ll.j 

1--14 

2'.')0 


1 

2 

2*;{u 

M4 

;3-74 

i 

0 

1 

1 

I (30 

Ml 

0-04 


The Siemens and Halske ai)paratiis is so constructed that 
the products of electrolysis, namely chlorine gas and caustic 
soda, can be separated continuously during electrolysis, and 
when so desii'ed caused to interact outside the electrolyser 
for the production of bleach liquor direct. The makers 
claim that by this means the same amount of active chlorine 
can be produced with lesser power and with a smaller pro- 
portion of salt, and stafe that the i^ower consumption is 3’5 
to 4 k.w. hours for each one pound of active chlorine. It 
is obvious that a plant capable of producing bleach and soda 
in this way possesses many advantages over those forms of 
apparatus in which only bleach liquor is produced. In 
localities where lime is plentiful and cheap, and where 
caustic soda finds a ready market, the SierAens and Hals]^e 
electrolyser# should give economical results. Taking the 
figures above quoted with the apparatus utilised only for 
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the manufacture of bleach liquor, the cost of one ton of 
active chlorine would a|)i)ear to be as follows : — 



Qiiaiititifs. 

Trice. 

Total. 

Power . 

hours 

at Jd. per unit * 

£ s. d. 

6 G 0 

Siilt . 

l o tons 

at 12s. 

4 10 0 

EenowaD 

— 

say 

0 10 0 

Interc'st and other 
char^^es . 



say 

1 0 0 




Cll 0 0 


’ The unit is a kilowatt hour. 


ScJnickert's Elrrtrohfitcr , — This ai^paratus consists of cells 
similar to those employed in other electrolysers, the chief 
feature being the sjjecial form of the electrodes. In the 
Siemens and Halske ajiparatus the electrodes are con- 
structed of platinum and iridium, while in the Haas and 
Oettel they are provided with electrodes made entirely of 
graphite. In Schuckert’s electrolysers the positive electrodes 
are made of platinum and the negative electrodes of graphite. 
This arrangement is based upon the fact that the carbon 
electrode is not attacked by the electro-positive element 
at the negative pole, and the platinum is not acted upon by 
the electro-negative compounds present at the j)ositive pole. 
Several advantages are claimed for this arrangement, as not 
only does the apparatus require less frequent renewels, but 
the presence of smaller particles of carbon in the liquid is 
avoided. This electrolyser appears to be capable of provid- 
ing strong solutions of bleaching liquid. With a 10 per cent, 
solution of salt a bleaching liquid containing 15 grammes of 
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active chlorine per litre can be ol)tained with an energy 
consumption of 3‘2 kilowatt hours and a supply of 5*1 lbs. 
of salt per lb. of chlorine. The usual limit is 20 to 22 
grammes of active chlorine to the litre, and with a Scliuckert 
electrolyser 30 to 35 grammes per litre can be obtained. 

Some interesting experiments have been made by Dr. 
Fraass with electrolytic bleach liquor prepared by the 
Scliuckert apparatus.^ 

The cellulose examined was easy bleaching sulphite pulp. 
A weiL;hed quantity of the pulp was mixed with water and 
a definite proportion of bleach liquor {a) from chloride of 
lime and (h) from electrolytic bleach liquor. The 
temperature of the operation was maintained at about 30^ C 
until the whole of the chlorine had been consumed. The 
results of this test are given as follows : — 


COMPAinSOX OF ]5 lE ACHING EFFECTS OF (<t) (-HLORIDE OF LiMF 
AND (/<) Eleotkoi.ytk; Lye. 


Test 

No. 

Pulp 

conciMilni- 

tioti. 

Active cliloiine 
present 
Grainines per 
htie. 

Chloiine used 
per 100 
Hi.iinines of 
an diied pul]i. 

Resulting wJiito. 

1 

1:15 

a 

0-67 

b 

0-67 

a 

2-00 

h 

2-00 

Same with both. 

2 

1:1« 

1-25 

1-25 

I* 1-99 

1-9!) 

Bettor with elect roly tic lye. 

3 

1:12-7 

o-so 

0-80 

2-00 

2-00 

4 

1:12-0 

0-73 

0-73 

1-82 

1-82 

19 

0 

1:12-0 

o-so 

0-80 

2-02 

2-02 

99 

6 

1:12-7 

0-80 

0-80 

2-00 

2-00 

99 

7 

1:12-7 

0-79 

0-79 

2-00 

2-00 


8 

1:20 

1-00 

1-00 

2-00 

2-00 


9 

1 : 20 

1 -50 

1-50 

3-00 

3-00 

99 

10 

1:20 

1-00 

l-OO 

2-00 

2-00 

99 

11 

1:20 

1-00 

1-00 

2-00 

2-00 


12 

1:20 

1-50 

1-50 

3-00 

3 00 

>9 


* For further details see “ Papier Fabrikant,” 1909. 
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Further experiments were made by Dr. Fraass to deter- 
mine the actual saving of chlorine, if any, effected hy the use 
of electrolytic chlorine. The following results were obtained. 


(a) Pkfeks to Cjilohide of Lime; (i) Refers to 
Electrolytic Lye. 


Tf'st 

N(j. 

T’ulp 

con(‘>Milni- 

tlOII. 

Acti\(! t'hlorino 
pH scut. 
Giiiiiinics piM' 
lillH. 

Cliloniio used 
pel 100 
^'I.lliiliies of 
ail di led pulj). 



Resiiltiiift 
SHVfl with h 
in per cent, 
("lilonnc. 

Better wliite witli. 

1 1 

1:20 

(t 

1-01 

h 

O-OD.) 

2-02 

h 

1-00 

i--n 

b. 

Hi 

1 : 20 

;i-oo 

2-00 

,')-,'i0 

j-40 

1 -00 

b. 

IS 

1:1,) 

1-27 

1-23 

2-00 

2-00 

2-00 

b. 

20 

1: 10 

1-20 

l-.'4 

2-00 

1-00 

3-JO 

b. 

22 

1 : 20 

2-27 

2-17 

4,51 

4-34 

4-40 

b. 

24 

1 : 20 

2-27 

2-1,7 

4-,)l 

P,‘30 

5-20 

a and b same. 

2(i 

l:12-,5 

o-so 

O-SO 

2-21 

2-00 

10-0 

a. 

2S 

1:20 

1-00 

0-00 

2-00 

I'SO 

10-0 

a. 

;jo 

1:12-7 

O-SO 



0-71 

‘^-00 

1-80 

10-0 

a. 


From the foregoing brief account of electrolytic bleach- 
ing systems it would appear that evolution on the basis of 
experience has limited these systems to the production of a 
solution of a hypochlorite which is used upon the pulp or 
cellulose textile to be bleached, and is then rejected as a 
waste liquor after the bleaching tf^ents are exhausted in 
doing chemical work uj^on the pulp or fabric. 

The idea of an industrial cycle as advanced by Hermite 
is rendered impossible by the fact, which is too often over- 
looked, that with the Weaching or oxidising action there are 
secondary reactions, as a result of which organic products 
pass into Bolutfbi: - These products will consume oxygen 
until reduced to compounds of the lowest molecular weight. 
This of course is entirely waste work. 
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The electrolytic systems finally evolved are therefore 
intermittent, and the rejection of the waste solution involves 
a loss o! BO much salt which is too dilute a form to be use- 
fully recovered. 

When we come to the question of the direct production 
of caustic soda and chlorine, we arrive in the region of 
“ heavy ” chemical industry. 

As a result of inventive evolution there are two systems 
finally established in this country, wdiich are those of 
Castner-Kellner, and Hargreaves-Bird. 

Each of these systems produces chlorine as such, which 
is converted into bleaching powder, or bleaching liquor, as 
an ordinary chemical operation outside the electrolytic 
system. 

As regards the work of the cathode, or soda end of the 
process, the Castner-Kellner system produces caustic soda 
owing to the special disposition of its electrode, whilst in the 
Hargreaves-Bird process the soda which is produced as 
caustic soda is removed in the form of carbonate. 

These well-established systems, for the production of 
alkali and “ bleach,” are not easily engineered, and they 
are in many respects unsuitable for small production. 

The matter with its tdbhnical and commercial issues is 
much too complicated to be usefully discussed within the 
scope of this work. 

Many problems are presented which are as yet by no 
means solved and it is quite possibie that the over-pro- 
duction of chlorine, which is an incidental feature of these 
systems, may lead to further developments df the industr^l 
production of cellulose on very different lines from those 
which are exploited to-day as almost stereotyped. 



176 


WOOD PULP AND ITS USES 


Imports of Wood Pulp into Great Britain, 1904—1908. 


(From the Annual Statement of Trade of the United Kinf'dom). 



QI'ANTITIKS. 



mo'i. 

IttOG. 


1908. 

Chemical, Dry. 

From Kussia .... 
,, Sweden .... 
,, Norway .... 
,, Germany 
,, Netherlands . 

,, l^ortu^^al 

„ Austria Hun}>ary . ^ . 

,, United Stntes of America 
,, Other Foreign Countries 

Tons 

idi,0o.> 

r).),2i:i 

u,()09 

2,7S1 

2 . 1 I 0 

1,188 

862 

Tons. 

12,179 

188,504 

08,918 

7,1^0 

2,022 

2,482 

8,108 

2,917 

849 

Tons, 

11,098 

127,010 

77,017 

7,584 

2,595 

2,219 

1 ,705 
2,091 
707 

Tons. 

18,558 

157,910 

70,957 

15,514 

8,280 

2,410 

4,805 

1,942 

800 

Tons. 

15,501 

108,074 

77,005 

2 i,CN7 
1,820 
2,170 
1,876 
855 
212 

Total from Foreign Countries 

211,189 

228,410 

288,852 

270,188 

280,800 

Total from liritish Possessions 

258 

2,904 

7,297 

758 

1,795 

Total .... 

>11,892 

281,871 

210,019 

270,941 

288,055 

Chemical, Wet. 

From Sweden .... 
„ Norway . . . . 

,, Other Foreign Countries 

Tons. 

7,112 

17,078 

TonH. 

6,918 

11,117 

10 

Tons. 

7,201 

9,109 

Tons. 

18,295 

8,724 

45 

Tons. 

10,310 

10,976 

^ 

Total from Foreign Countries 

24,785 

18,075 

16,370 

22,064 

27,296 

Total from British Possessions 
(Canada) 


.. 


250 


Total .... 

24,785 

18, 094 

10,370 

22,814 

27,296 

Mechanical, Dry. 

From Eussia .... 

,, Sweden .... 
,, Norway .... 
,, Other Foreign Countries 

Tons. 

3,199 

2,984 

2,811 

154 

Tons 

2,776 

3,922 

8,558 

16 

Tons. 

1,999 

1,986 

2,733 

1 

Tons 

1,037 

2,428 

2,593 

11 

Tons. 
2,061 
3,810 
2,192 
10 . 

Total from Foreign Countries 

9,148 

10,267 

6,669 

6,069 

8,073 

Total from British Possessions 
(Canada) 

51 




1,453 

Total . . 

9,199 

10,267 

6,669 

6,069 

9,526 
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Ql AVTITIES. 



1 



lUOii. 

i;h)7. 

ll'ftS. 

Mechanical, Wet. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

From Russia .... 

0,402 

2,614 

1 ,686 

2,899 

2,608 

„ Sweden .... 

d(),741 1 32,1)40 

31,212 

13,610 

16,019 

,, Norway .... 

224,620 :2()2,249 

229,202 

262,256 

277,988 

I ,, German V 

2o 

25 


615 

799 

j ,, Other Foreign (’ountrics 

74 

182 

64 

220 


1 

Total from Foreign Countries 

260,912 ;238,010 

262,164 

309,630 

327,414 

From Canada .... 

62,957 

80,236 

80,959 

63,545 

95,513 

,, Other Rritish Possessions 


31 




Total from liritish Possessions 

62,957 

80,267 

80,959 

63,545 

95,543 

Total .... 

323,869 318,277 

i 

343,123 

1 

373,175 422.957 


• 

/ o‘" 




W.P. 



CHAPTEE VI 


NEWS AND PRINTINGS. 

The applications of wood pulp, though large and of first- 
rate industrial importance, are not numerous. Its utilisa- 
tion, however, in paper-making is essentially one of great 
influence, and in point of fact this industry at the present 
time dominates the wood pulp market. In this country 
there have been several well-marked phases of expansion 
of the industry. A prominent landmark was the 
repeal of the duties on paper in 1860. By a coincidence 
this indirect condition of expansion synchronises with 
the introduction of esparto grass to develop rapidly into 
an important staple raw material, almost a generation 
in advance of the wood pulp age. By the year 1880 the 
importation of esparto had reached 200,000 tons, and it is 
a somewhat remarkable feature of this industry that the 
consumption of esparto has shown no growth from this 
figure. 

The wood pulps have been independently developed. 
“ Mechanical ” wood pulp or ground wood dates back to the 
period 1850 — 60. Tl^e chemical pulps in this country were 
pioneered by C. B. Ekman in collaboration with George Fry 
in the period 1070—80. This early venture was capitalised 
by Thomson, Bonar & Co., and worked at Bergvik, Sweden, 
and Ilford, Essex. The new industry attracted other pioneer 
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workers, notably E. Partington in this country, and C. Kellner 
in Austria, who individually and jointly did much to 
establAh the new order during the following decade. It 
requires a little calculation to estimate the growth of the 
industry during this period, 1880 — 90, since the statistics 
of importation, in the Board of Trade returns, are a complex 
return including “ Esparto and other Materials ” : it was 
not until 1888 that the returns of wood pulp importation 
were separately recorded. The growth of the wood pulp 
trade from 1880 to 1888 represents an estimated quantity 
of 100,000 tons, and at this later date the industry had 
become widespread and firmly established in Scandinavia, 
Germany and America. The English importation has 
continued to grow, and the figures for the first nine years 
of the century may be cited ; — 


The total world’s production of chemical pulp ” is fast 
approaching 8,000,000 tons. In taking this statistical view of 
the paper industry we may note the figures arrived at by 
Krawany, for paper consumption per head per annum, in 
European countries : — 

^ Kf?- ^ . Kg. Kg. 

England . 23 '3 Belgium . ll'l Bussia . 2*2 

Sweden . 24-0 Holland . lO'S Greece . 1’8 

Finland . 22*5 Italy , . 7 3 Turkey . 1-8 

Germany . 19*7 Denmark . 0*4 Roumania . 1*4 

Norway . 16*3 Luxemburg 4*8 Bulgaria . 1*3 

Switzerland UO Spain. . 4*4* Bosnia . 0*7 

France . 14*0 Hungary . 3*6 Servia . 0*6 

Austria . 11*1 Portugal . 3*4 ^ 

• 

Another result of this statistical inquiry is the ascertained 
annual increase of tlie world’s production, which at 5f per 

^ n2 
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cent, is nearly double the estimated increase of other large 
manufactures, viz., 2| — per cent. These figures are 
taken from an interesting paper by Dr. A. Klein on 

Cellulose, Wood Paper, Artificial Silk,” recently published 
{Chem. Zeit., 60, 621—530 (1910)). 

The most significant development in the paper-making 
art and industry founded on wood pulp is in the production 
of news,” and we may take “ News and Printings ” as 
the subject of this chapter, and typical, in fact, of the 
industrial age we live in. 

The enormous quantities of mechanical and chemical 
pulp manufactured to-day are used chiefly in the production 
of ” news ” and cheap printing papers. 

A modern newspaper contains about 70 per cent, of 
mechanical pulp mixed with 30 per cent, of chemical pulp. 
In addition to the fibrous constituents the paper will also 
contain about 8 to 10 per cent, of china clay, and a small 
proportion of rosin size. As far as the paper mill is 
.concerned, the process of manufacture is almost entirely 
an engineering problem, since all the materials used are 
purchased largely in a completely manufactured state, the 
object being to eliminate chemical processes whenever 
possible. 

This is only true of paper mills dependent on outside 
sources for the supplies of pulp and chemicals, but the 
tendency of modern practice in such mills is to reduce 
the question to one*' of mixing certain ingredients and 
getting the maximum output of paper at a minimum 
cost. * 

At the same time chemistry plays an important part in 
the efficient and economical working of a '*news” mill. 
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From start to finish every process is controlled by analysis, 
while improvements in the quality of the paper are gradually 
introduced, either by the use of superior wood pulps, or by 
suggestions that arise from a careful study of the systematic 
records kept. 

A general survey of the operations necessary for the 
production of this class of paper will show the intimate 
relation between chemistry and engineering in almost any 
industrial process. 

Power , — The amount of coal consumed averages 18 — 
20 cwt. per ton of finished paper. Most of this fuel is 
required for motive power, though a certain proportion 
is used in drying the paper during manufacture. The 
steam engine is employed for this in nearly every paper 
mill, but in a few cases gas engines worked from gas 
producers have been tried. 

The maintenance of an extensive boiler plant on up-to- 
date principles demands the control of the coal supplies in 
the matter of weight received, the analysis of same for 
moisture, ash left on combustion, and calorific value ; the 
systematic analysis of the waste gases from the boiler flues 
to prevent careless firing of the boilers, and to ensure com- 
plete combustion ; the use of suitable water for boiler 
purposes, involving the utilisation of all condensed steam 
and hot water, and the adoption of some efficient process 
for softening any hard water which must be employed in 
addition. * 

All these operations are controlled by simple methods of 
chemical analysis. The theoretical value of a given coftl 
supply havirig been, found by analysis, and expressed in 
terms of the heat units available, it should be possible to 
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determine what proportion has been expended in useful 
work, the particular stage in the manufacture of the paper 
at which each proportion has been utilised, and finally what 
amount has been wasted. Questions of this kind are of 
great importance, and involve measurements of many factors. 

Chemicals . — From what has been said as to the nature 
of the operations involved in the manufacture of the modern 
newspaper, it is evident that the number of chemicals 
properly so called is not very large. Amongst them will 
be found rosin and alkali used for sizing, or some form of 
prepared size ; china clay used as a loading ; lime for 
the water-softening process ; alum and sundry colour- 
ing matters and pigments ; acid and bleaching powder ; 
starch, etc. 

Oils and greases required for lubricating purposes, and 
other supplies connected with economical power, also need 
attention at the hands of the analyst. 

Wood Pulp.-^The exact control of the supplies of pulp 
is an important part of the duty of the mill chemist. The 
determination of the air-dry weight of every consignment 
of pulp is sometimes regarded as a mechanical and simple 
task, but it is one of considerable responsibility. All pulps, 
whether delivered in a dry state or in the moist condition, 
require to be tested for moisture. 

Chemical pulps are tested regularly for quality, particu- 
larly as to their behaviour with bleach. Some pulps are 
very difficult to bleach, and consume a large amount of 
bleaching pow4er. In many cases where a white pulp is 
required a ready bleached pulp is used, but this plan is not 
economical since it is cheaper to treat the 'pulp at the 
paper mill than to buy the material already bleached. 
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Mechanical pulps vary in quality and freedom from coarse 
fibie. ^rhe differences in bulking qualities are very marked 
and may be measured in the laboratory on small samples 
readily. 

The examination of the finished paper from the 
machines in regard to its physical properties of strength, 
bulk, finish and sizing is a matter of routine in a well- 
oideied mill. Ihe testing of contract samples in respect 
of actual composition to determine the percentage of load- 
ing, the propoi tions of mechanical and chemical pul2)3 
present and the existence of other fibres, as well as the 
usual ph'^sical tests mentioned, is a necessity when making 
papers to sample. 

'There are many items in manufacture which call for the 
exercise of careful and painstaking research on the part of 
the chemist, and when these technical questions are studied 
exhaustively by him under the needful encouragement of 
the authorities, the information gradually accumulated is of 
the greatest value. The systematic correlation of modifi- 
cations in manufacture, with the improvements in the 
finished paper by proper classified records which can always 
bo referred to, is perhaps one of the most important points, 
but one which is almosf neglected in the average mill. 

Improvements in the Manufacture of Cheap Newspaper. 

During the last twenty-five years great progress has been 
made in the production of common paper from wood pulps. 
The contrast between the old and new Aethods is bast 
illustrated by reference to the output of a machine. 

When wood pulp was first used there were few machines 
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capable of making a sheet of paper more than 120 inches 
wide at a speed of 200 to 250 feet per minute, with an 
average production of 50 tons per week. To-day the 
modern machine will produce a sheet of paper 170 inches 
wide at a speed of 500 feet per minute, with an output of 
nearly 45 tons per day. 

Preparation of the Beaten Pulp , — The proper proportions 
of mechanical and chemical pulp are first disintegrated by 
treatment in large potchers or special machinery, being 
mixed with a suitable quantity of water, or generally with 
waste waters from the paper machine. The mixture is then » 
transferred to a beating engine capable of holding sufficient 
wet material to produce one ton or more of dry paper, and 
beaten for about thirty or forty minutes. This is a process 
far removed from that which obtains in the treatment of 
rag, when the beating engine giving the best results is only 
capable of holding wet stuff equivalent to 1 to 2 cwt. of dry 
pulp, and the operation is only completed after eight or 
nine hours. 

To the mixture in the engine about 10 per cent, of china 
clay calculated on the dry weight of pulp is added. Kosin 
size to the extent of 1 or 2 per cent, is then thoroughly 
incorporated, and alum added to precipitate the size which 
adheres to the fibres. The pulp is suitably dyed to the 
desired colour by means of pigments or soluble aniline 
colours. 

The subject of the beating of pulp is one of great technical 
importance, sinpe the quality and characteristics of a paper 
are easily altered by modifications in the process of beating. 
In an elementary treatise of this kind^ it is impossible to 
enter fully ipto the question, and only a brief indication 
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can be given of the variations which are obtained as a matter 
of daily routine. 

The niain object of the beating process is the proper 
isolation and reduction of the individual fibres after the raw 
mateiial has been sufficiently boiled and bleached. There 



Fig. 22. — The “Hollander” Beating Engine. 


are many types of machines available for the purpose, but 
all constructed on the same principle, namely, the circu- 
lation of the mass of pulp and wate^’ in a narrow trough 
provided with a revolving beater roll which, as it rotates 
acts upon the mass drawn between the krives of the roll 
and a set of knives fixed on the bottom of the trough. 

The general construction of an ordinary “Hollander” 
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beater is shown in the diagram. The engine consists of an 
oval-shaped vessel divided into two channels by a “mid- 
feather ” or partition fixed along the centre of the vessel, 
but not extending completely to the ends. In this way the 
oval vessel is divided into two channels. An adjustable 
beater roll, which is a solid cylindrical drum fitted with 
knives projecting from its surface, rotates in one of the 
channels and revolves above a set of knives projecting from 
the bottom of the trough. The engine is filled with the re- 
quired amount of pulp and water, and by the rapid rotation 
of the beater roll the mixture is constantly circulated round 
the troughs of the engine and passes continuously between 
the knives on the beater roll and those which are stationary. 
The fibres are thus completely separated and gradually 
reduced. 

The varied effects produced in beating wood pulps may 
be illustrated by one or two examples. Thus, if soda pulp 
is beaten quickly with sharp knives, the beater roll being 
close down on to the stationary knives, then a soft spongy 
paper resembling blottings is produced. If on the other 
hand, a strong sulphite pulp is beaten slowly for a long 
time — eight or nine hours — the knives being blunt, and the 
beater roll being lowered gradually' during the process, then 
a close dense sheet of paper, strong and resembling 
parchment, is obtained. In the latter case the curious 
assimilation of water by the fibre takes place, with a 
production of an imitf tion parchment paper. 

Probably the beating operation is the most important in 
the various stages of the manufacture of paper, on account 
of the great variations which are possible by» altering the 
conditions under which the pulp is beaten. 
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It is customary in mills where the ordinary type of 

Holland^er ” is used to pass the beaten stuff through a 
refiner, whereby the fibres, which are more or less inter- 
locked by the beating, are brushed out. The types of 
refiners mostly used in this country are the “ Marshall ” 
and the “ Jordan.” 

The Founlrinier Paper Machine . — The pulp after beating 
is ready for conversion into paper. It is discharged from 
the beating or refining engines into large reservoirs or stuff 
chests, of which there are two to each paper machine. The 
contents of one chest are supplied to the machine while 
the second is being filled from the beaters, so that the pulp 
is uniform and ensures the manufacture of a regular sheet 
of even weight and thickness. 

The pulp flows through a number of strainers which 
serve to retain any coarse pieces of pulp and other impurities. 
For the fast-running news machine the strainer is a hollow 
circular drum, the shell of which consists of a series of 
curved brass plates bolted together, each scored with fine 
slits. The drums revolve slowly and are kept in a state of 
violent agitation, so that the fine pulp passes through the 
slits and the coarse material is retained. The mixture of 
pulp and water flows in a continuous stream on to the 
surface of an endless “ wire.” This consists of a wide band 
of wire gauze stretched horizontally over two rolls, known 
technically as the “ breast roll ” and “ couch roll.” The 
stream of pulp is carried forward at a Apid pace, the water 
finding its way through the meshes of the wire, and the 
fibres settle down on the surface of the wire cloth interlacing* 
or ** felting ” with one another. Further quantities of 
water are removed from the pulp by vacuum strainers or 
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boxes fixed under the wire near the couch roll, and the 
“ web ” of paper then passes between the couch rolls which 
compress the fibres, remove a certain proportion of water, 
and give firmness to the sheet of wet paper. 

The most recent innovations which have been introduced 
to facilitate an increased output of paper and at the same 
time an improvement in the strength of the sheet, have for 
their object devices for increasing the speed of the paper 
machine. Amongst these may be mentioned the “ Eibel ” 
method of manipulating the machine wire. Under this 
system the wire cloth upon which the pulp flows is inclined 
at a considerable angle from the breast roll to the couch 
roll so that the material flows downhill, so to speak. By 
this simple device it is possible to obtain a rapid flow of a 
very dilute mixture of pulp containing large quantities of 
water, which latter is easily removed owing to the slope of the 
wire cloth. Another improvement is the substitution of a 
vacuum couch roll in place of the ordinary solid roll hitherto 
employed, thus obviating the use of a top couch roll. The 
wet sheet of paper passes over a large roll, part of the 
surface of which as it revolves is submitted to the action 
of a powerful vacuum, so that the excess of water is 
removed from the wet sheet of paper. The fibres are felted 
together and the life of the wire cloth is prolonged. The 
web leaving the couch rolls is drawn through two or more 
sets of press rolls, which serve to compress the fibres into 
a firm adherenb-sheftt. 

The wet sheet of paper then passes over a number of 
.drying cylindters, which are heated internally with steam. 
In the earlier machines eighteen to twenty kuch cylinders 
amply provided all the drying surface necessary, but in the 
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modern paper machine thirty-two to thirty- six cylinders are 
required to dry the paper completely, owing to the largely 
increased Output. 

The drying of the paper is an important item, because it 
is desirable to dry the paper as slowly as possible at a com- 
paratively low temperature. When the number of cylinders 
is limited, a much higher temperature is necessary to ensure 
complete drying of the paper, but in such case, while the 
output of finished paper can be maintained, the strength of 
the sheet is seriously diminished. 

The paper is afterwards passed through calenders in order 
that a surface or finish may be imparted to it. The 
ordinary calenders fixed at the end of a machine used for 
the manufacture of news consist of a number of highly 
polished chilled rolls, and the paper in passing over and 
under these rolls is further compressed and at the same 
time glazed. 

No further process is necessary for ordinary news, but the 
reels of paper produced at the end of the machine are re« 
reeled and cut into the required lengths and sizes. 




CHAPTER VII 


WOOD PULP BOARDS 

Large quantities of mechanical wood pulp are used for 
the manufacture of pulp boards which have many industrial 
uses such as for boxes, packing cases, cards, calendars, 
advertisement goods, picnic dishes and a variety of similar 
articles. 

In some cases the pulp is mixed with stronger fibrous 
material such as jute, hemp, and chemical wood pulp, 
particularly for boxes of high quality which are required 
to withstand rough usage. The heavy stout boards 
frequently used for railway carriage panels are made from 
the best materials and by hand or manual process, the 
sheets being produced on moulds similar to those employed 
in the manufacture of hand-made papers. 

The cheapest qualities of thin boards, of which an 
ordinary tram-car ticket is a typical example, are produced 
on the continuous-board machine, which in general 
construction resembles the ordinary Fourdrinier or paper 
machine. 

For certain grades of pulp boards which cannot be made 
on the continuous-board machine, on account of the 
thickness, at, simpler form known as the single-board 
machine is used. ,, 

The chief advantage of a wood-pulp board as contrasted 
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with the common strawboard, which it has superseded to 
a large extent, are to be found in its more attractive 
appearance, its cleanliness, and above all its bulk, being 
thick and of light weight. Moreover it has less tendency 
to crack when folded or bent, and when covered with 
coloured paper, the colour does not fade as frequently 
happens with strawboards which have not been carefully 
made. The traces of alkali often present in common straw- 
board produce a decided fading of some aniline dyes. 

Single-hoard Mnchine, — ^lec-hanical wood-pulp boards 
of any desired thickness are produced in sheets of definite 
size on this machine. It differs very little from the wet 
press used in the manufacture of wood pulp itself, and only 
a brief note of its construction need be given. 

The pulp mixed with the requisite volume of water is 
passed over strainers which remove coarse chips, and 
pumped continuously into a large wooden vat, containing a 
hollow cylindrical drum revolving at a slow rate. 

The surface of the drum consists of fine wire gauze, 
and as the drum revolves, the pulp adheres to the surface 
in a regular and uniform layer or skin, while the water 
passes freely through the meshes of the wire. The layer 
of pulp comes into contact, as it passes out of the water, 
with a travelling felt, and adhering to this, is carried away 
from the vat and drawn between two heavy rollers, which 
squeeze out the excess moisture. As the thin sheet of pulp 
is wound up on the upper roller, jt forms a sheet of 
mechanical pulp which gradually increases in thickness, 
and when the desired thickness has beei) reached the 
sheet is immediately cut away from the roller and put 
aside. The travelling felt passes round the lower roller 
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and back to the vat containing the mixture of pulp and 
water. 

The process is continuous, and the sheets obtpined are 
then submitted to pressure, thick felts being interposed 
between the sheets of pulp so that the water drains away 
completely. The material in this condition then contains 
about 50 per cent, of dry pulp and 50 per cent, moisture. 
The sheets are dried, glazed, and cut to any required size, 
the final thickness of the boards being determined by the 
pressure applied during the proems of glazing. 

Continuous'board Machine , — This is a edmbination of 
the single-board machine and the ordinary paper-making 
machine, and is used for making duplex*’ and “triplex'* 
papers. The beaten pulp is formed into thin sheets in 
two or more vats, and these sheets are brought together 
between rollers so as to produce one sheet of the required 
thickness. The board then passes over a large number of 
steam-heated cylinders, and completely dried. The dry 
board is also glazed and finished by calenders fixed at the 
end of the machine, and finally cut up into sheets. 

No further operations are necessary, the finished board 
being manufactured and completed by the one machine, 
the processes following one anoths^r automatically. 

Machines of this kind are frequently fitted with more 
than two vats, and in such cases some of the vats are filled 
with common waste material, while two are filled with a 
high-class well-bleached pulp. In this way, a good board 
can be produced cheaply, consisting of a low-grade middle^ 
covered on either side with a paper of good quality. 
The colour of the outer surfaces of the , board can be 
varied. 
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BoX-MAKINa. 

The gi^at demand for boxes as a convenient substitute 
for brown paper in the wrapping and packing up of goods 
has resulted in the creation of an important industry. 

Raw Materials , — The boxes are manufactured from straw- 
boards, wood-pulp boards, and “leather” boards. The 
nature of the composition of the raw material may generally 
be gathered from the descriptions applied, though the term 
“ leather boards ” is somewhat misleading. Many of the 
so-called boards are made from various kinds of specially 
prepared wood pulp, but in some cases a small proportion 
of leather clippings is incorporated with vegetable fibres by 
suitable treatment. 

The cheap flimsy folding boxes used for wrapping medicine 
bottles and similar temporary purposes are made from 
common board which contains little more than waste 
paper. The boards are brittle and do not stand much 
folding. The leather boards, on the other hand, are 
wonderfully strong and tough, capable of being bent and 
twisted into all kinds of shapes. 

Classification , — The different kinds of boxes made in 
large quantities from the taw materials described may be 
classified as follows 

(1.) Plain square-shaped boxes, with corners pasted, and 
finished off with plain or ornamental paper. 

(2.) Square-shaped boxes, corners wine stitched. 

(3.) Square-shaped boxes, with metal-edged corners. 

(4.) Folding boxes. 

(5.) Bound boxes, made up or stamped. 

(6.) Tubes and small cylindrical cases. 
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Plain Board Boxes . — The boards are first cut into 
convenient sizes, on an ordinary cutting table worked by 
hand, or in a rotary millboard cutting machine Vv'orked by 
power. In the rotary machine a large board can bo cut 
up into a number of strips of the required length by means 
of circular knives fitted on to the shaft of the machine, 
which knives can be adjusted to any desired degree of 
accuracy. The strips obtained from the cutter are 
afterwards reduced to the required width. 

The square pieces of board are next scored, that is to 
say, slight cuts are made on the board where the sides are 
bent up to form a box. If the pieces of board are not 
scored in this way they crack and break when bent into the 
form of a box. Machines are also employed in which the 
cutting and scoring are carried out simultaneously. 

After the boards have been scored the corners are cut 
out by simple stamping machines and the box at once 
made up. The operator bends over two edges of the board 
to form a right angle, and places the corner thus formed in 
a stamping press which presses down a small piece of 
gummed ])aper of the proper length round the corner 
fastening the two edges together. This operation is repeated 
four times in the making of the 'boxes. The lid of the box 
is manufactured in a similar manner, due allowance being 
made in the cutting of the board in order to obtain a well- 
fitting lid. 

The boxes are loft plain, or finished off with printed 
labels and ornamental paper. 

The covering of boxes with ornamental paper is a simple 
process, the variations being not so much in the methods 
employed as in the materials used. Most of the boxes used 
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by drapers are generally covered with a flint-glazed box 
paper, the edges of the boxes being finished off with 
coloured \)aper of a similar character. The edges of the 
boxes are first covered with thin strips of paper either by 
hand or by machinery, the top and sides of the box being 
afterwards covered with the white glazed paper in such 
a manner as to leave the coloured edges of the box 
exposed. 

Boxes produced in this way in largo quantities are finished 
by means of a “banding” machine in which a reel of 
glazed paper is gummed on one side and drawn on to the 
box which is automatically turned four times by the 
machine and thus covered. 

Wire-stitched Boxes , — The board used for this class of 
box is cut into required sizes and either scored or dented. 
In the latter case the board is passed through a denting 
machine which stamps a slight depression along the line 
which is to form the corner of the box. 

The ends of the board are then slotted so that the box 
can be produced by being turned up into shape along the 
lines formed by the denting machine. The ends are then 
fastened together by the wire stitching, in which process 
small pieces of wire are ‘forced through the ends of the 
box and clinched. 

Metal-edged Boxes are generally manufactured from 
good material, such as leather boards, because they are 
intended for constant use. The board»are usually grooved 
along the bending line, either with a square groove or with 
a deep V-shaped groove, the latter being preferred as giving, 
the box a netHer finish at the corners when completed. 
The edges of the box and the joints are finished off with 

'o2 
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metal edging which consists of a thin strip of metal stamped 
out and provided with sharp projecting points. When this 
strip is forced into position the projections pass*' through 
the board and being turned up by the machine are firmly 
clinched. The boxes made by this process are very strong 
and present an attractive appearance. 

Folding Cases . — The cheap common cases used for 
packing eggs, patent medicines, and similar articles of 
domestic use are stamped out from thin cardboard by 
machinery. The general shape and outline of the boxes 
having been calculated, a metal forme or template is 
prepared, by means of which the outline of the box can be 
stamped out. 

The forme resembles in principle that used by a printer, 
but instead of raised type, strips of brass are used and also 
pieces of hardened steel. When the thin board is placed 
on the forme and submitted to pressure, the brass strips 
indent the board along the lines which are to form the 
edges of the box, and the steel knives cut out the portions 
of the board which are not required. The two edges which 
overlap to form one side of the box are fastened together 
with wire stitching or with glue. In this condition 
the box can be folded flat, and when required for use 
it can be, opened up and put together as a box very 
quickly. 

Postal Tubes, ctc.—The many varieties of cylindrical 
boxes made for postal work, the packing of gas mantles, 
phonograph records, carbon paper, blue print and photo- 
.graphic papers, and similar purposes, are made by covering 
one side of a board with glue or some adhesive material, 
and rolling the board up into the form of a tube on an 
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iron roller, the diameter of which varies according to the 
size of the bore of the tube. 

For short boxes the long tubes are cut up into stated 
lengths. The caps for these tubes are stamjied or pressed 
out of circular discs of flexible leather board. The whole 
operation is exceedingly simple and does not require any 
elaborate explanation. 




CHAPTEB VIII 

THE UTILISATION OP WOOD WASTE 

Vadtous methods of utilising wood refuse are in practice, 
chiefly based on chemical processes. The only commercial 
application of waste wood based on a simple mechanical 
treatment, and now an extensive industry, is the manufacture 
of wood wool. 

Wood iroo/.— This is an elastic material much used for 
stuffing cushions and mattresses ; for packing glass, hard- 
ware, and fragile goods ; for filtration, and many other 
purposes of diverse character. It is very light and bulky, 
not easily reduced in volume when wetted, and is thus 
eminently suited to these and similar uses. 

Any small odds and ends of wood from carpentering and 
cabinet workshops up to 14 or 16 inches long can be 
utilised. 

Special machinery has been devised for converting pieces 
of wood of all shapes and sizes into shavings of desired 
thickness. The pieces of wood are fed to the machine by 
liand. They are seized by rollers which carry the wood 
forward automatically, bringing them under planing irons 
and also in contact with pointed knives, the thickness of 
the shaving bfeing determined by the setting of the plane 
irons and the width of the shaving being" fixed by the 
position of the knives which produce cuts in the wood parallel 
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to the lengh. One machine is capable of producing 6 to 12 
cwt. of wood wool in twelve hours. 

SairdhMt . — Large quantities of sawdust are produced in 
many industries, and the i)rolitable utilisation of this waste 
material depends largely ui)on the quantity periodically 
available. When the amount is small, it is best utilised as 
an ordinary packing material, but for this iliere can only 
bo a limited demand. Borne idea of the varicnl uses of saw'- 
dust may be gathered from the following brief description 
of the methods in use. 

Sawdust thoroughly mixed with common rosin is con- 
verted into fire-lighters. 

Mixed with highly concentrated artificial manures, it 
serves as a medium for nianurial purposes. The sawdust 
itself has no value as a fertiliser, but it has a capacity of 
absorbing and retaining liquids. Occasionally the sawdust 
is first converted into charcoal. 

Sawdust has also been employed as the source of the 
carbpn in calcium carbide. The sawdust is first converted 
into charcoal, which is mixed with limestone, and the 
mixture heated for several hours in an electric furnace. 

In limited quantities, sawdust is also converted into 
paper pulp, but the fibre is exceedingly short and of little 
value, and it is diilicult to obtain an evenly boiled material 
owing to the difficulty of maintaining a proper circulation of 
the caustic soda, lye, or other reagent in the digestor. 

Sawdust; is also mixed with the, concentrated waste 
liquors from the sulphite wood-pulp manufactories, and 
then converted into briquettes. These briquettes can be 
used as fuel or.submitted to distillation for the manufacture 
of wood spirit, acetic acid, and charcoal. 
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Producer Gas from Wood , — An interesting application of 
the use of waste wood is to be found in the generation of 
“ power gas.” In Eichc’s gas-producer the woodds heated 
in two suitable retorts, one of which is used for the distilla- 
tion of the wood, and the second for the decomposition of 
the gases obtained by the distillation of the wood in the 
first retort. The combustion is first started in the second 
or reducing retort. When the heat has been raised to the 
proper extent, the distillation is commenced in the first 
retort. The charcoal produced is withdrawn periodically 
from the bottom of the first retort and thrown into the 
reducing retort. The distilled gases from the first retort 
are passed through the heated charcoal placed in the 
second, and subsequently into the gas holder. The gas 
produced has a heating value of about 840 B.T.U. per cubic 
foot, the quantity of gas per 100 kilos, of wood being 100 
cubic metres, or about 16 cubic feet of gas per pound of 
wood. 

Donkin ^ states that about 100 small plants of this type 
have been erected in France and some of the French colonies. 
An interesting example is to be found in Madagascar, where 
gas obtained in this way is utilised in two gas engines of 
15 and 8 h.p. respectively for the manufacture of artificial 
ice, the cost of the motive power being one-third of that 
obtained by usual methods. 

Oxalic Acid . — Sawdust and other forms of wood waste 
yield oxalic acid wh^n treated with caustic soda. Forty 
parts of sawdust are mixed with strong caustic soda of 
specific gravity 1*35, and heated in shallow pans until the 
temperature rises to 220— -240° C. The product contains 
‘ “ Gas and Oil Engines.'* B. Donkin. 
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carbonate of soda and sodium oxalate. This is dissolved 
completely in boiling water, and the strength of the solution 
carefufly regulated, so that on cooling, the sodium oxalate 
crystallises out. The mixture is then treated in the hydro 
extractor to remove the liquid. 

The*crystals of sodium oxalate are dissolved and treated 
with milk of lime, and thereby converted into calcium 
oxalate. The latter product is precipitated, separated from 
the liquor by filtration or any suitable means, and repeatedly 
washed with water. 

The calcium oxalate is then decomposed by treatment in 
a lead-lined vessel, with strong sulphuric acid, the whole 
mixture being heated with steam, and maintained at the 
boiling point for some time. The oxalate is decomposed, 
giving, after treatment with the sulphuric acid, a precipitate 
of calcium sulphate and a solution of oxalic acid. The 
precipitated calcium sulphate is removed, and the solution 
carefully evaporated for the production of crystallised 
oxalic acid. 

The amount 'of oxalic acid obtained may be varied 
according to the method of heating. Thus the percentage 
yield is increased by using potassium hydrate as well as 
sodium hydrate, and ftlso by heating the material in thin 
layers. The yield of oxalic acid from various woods is as 
follows : — 


Spruce 

94-7 

• 

Poplar 

9:i0 

Beech . . | 

86-3 • 

Oak . 

84'4 
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The Destructive Distillation op Wood. 

When wood is burnt under conditions which restiict the 
supply of air, or heated in closed retorts, it passes through 
a process of destnictire distillatwn with the production of 
certain valuable commercial substances. 

The combustion of wood in a confined space was resorted 
to in early days for the manufacture of charcoal simply, 
and large quantities of this charcoal are produced even 
to-day by the primitive method of stacking wood, covering 
it with earth and setting fire to the wood at the bottom of 
the pile. The only substance obtained was the charcoal 
left when the process was completed, but about 1812 the 
discovery of the presence of wood spirit and acetic acid in 
the vapours given off, led to a closer study of the chemical 
changes taking place. 

The products of distillation are chiofiy acetic acid, wood 
spirit (methyl alcohol) tar, gases and charcoal. By slow 
distillation at a low temperature a maximum yield of acetic 
acid and tar is obtained. The gas given off during the 
operation, a mixture of carbon dioxide and carbon mon- 
oxide, is utilised by passing it through the furnace employed 
in heating the retorts. The carbo!fi dioxide is reduced to 
monoxide, a combustible gas which gives off its available 
heat in the furnace. 

By rapid distillation at a high temperature, the volatile 
products are decomp(\sed giving a greater yield of gas and 
a smaller proportion of acetic acid. 

The effect oi the method of heating is shown in the 
following table taken from Fischer’s ChemicahTechnology. 
In the slow distillation process, the wood was heated slowly 
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for six hours, starting with cord retorts, while in the/rrs^ 
distillation the wood was placed at once in heated retorts 
and treated for three hours. 



yj«-ld of distillation piodiii 1 



• 

Wood. 

Totiil 

distillate 

Tar. 

W.mmI 
\ ini'i^Mr 
I’ludi*. 

% 

IC 

arid. 

1)1 \ 

ctiaicoal. 

(jasi's 

Birch — 
hIow . . 

01 *0,) 

«r40 

4.7-.)9 

3-03 

29-01 

19-71 

fast . . 

42-98 

3-21 

39-74 

4-43 

21-10 

33 '30 

Beech - - 







slow . . 

ol -(Jo 

r>-8»5 

l.rSO 

3-21 

20-f;9 

21-00 

fast . . 

44-;i5 

4-90 

39 -4o 

3-80 

1 21-90 

33-73 

Oalj— 





1 


slow . . 

48-1.') , 

.3-70 

44-13 

' 4-08 

31-08 

17-17 

fast . . 

40-24 

3-20 

42 04 

3-44 

27-73 

27-03 

Larch- 







slow . . 

ol-Ol 

9-.30 

42-31 

2-09 

20-74 

21-03 

fast . . 

4;i-77 1 

5-38 

38-19 

2-00 

2 l-OO 

32-17 

Spruce — 

! 






slow . . 

40-92 

0-93 

40-99 

2-30 

31-30 

18-78 

fast . . 

40-;i5 

0-20 

40-1.7 

1-78 

24-21 

29-11 


In practice the distillation of wood is carried out with 
due regard to the nature and quantity of the desired products, 
and the method of treatment varied accordingly. 

Steam Distillation . pine and woods rich in 
turpentine oils the material previously reduced to the 
condition of small chips is heated by means of steam in 
closed vessels ai a pressure of 40 lbs., and the oils distilled 
off by the steam. • 

This process is usefully employed in the pulp mill, since 
the manufacture of paper pulp from pine wdod can be con- 
ducted in such a w’ay as to ensure the extraction of the 
turpentine from the digesters and the subsequent conversion 
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of the wood into pulp. The soda process of paper-making 
is easily adapted, for the ordinary steam pressure is sufficient 
to drive off all the volatile oils, and most of the ‘I'esinous 
matters are converted into soluble soda compounds. 

Dry Destructive Distillation . — The products obtained from 
different woods as determined by the Bureau of Chemistry^ 
Washington, are shown in the following table : — 


A\ fiiijic yield per cord of wood (128 cubic feet piled wood). 



Hard woods. 

ResinoiiN 

WOdlls. 

Hnnl wood 
sawdust. 

Charcoal (bushels) . 

45 

;3() 

30 

Crude wood spirit containiii<< 
acetone ("aliens) . 

10 

3 

3 

Acetate of lime (lbs.) 

75 

120 

60 

Tar (gallons) .... 

15 

15 

— 

AVood oil (gallons) . 

— 

45 

— 

Turpentine (gallons) 


10 



In the slow distillation process, a maximum yield of solid 
product is aimed at, with a minimum quantity of gas. 
Harper gives the results of a test on dry yellow pine : — 


Yield per cord, air-ifry. 


Gallons. 

lbs. 

% 

Turpentine 

18-64 

134-20 

3-679 

AVood oil ... 

11-09 

86-50 

2-371 

'J'ar 

96-0 

846-72 

23-216 

Acid .... 

96-0 

830-49 

22-771 

Cake . . . n 

— 

14-74 

-404 

Charcoal .... 

— 

796()0 

21-826 

Yellow oil and pitch 

6-78 

57-02 

1-563 

0as and Loss . * . 

— 

881-33 

24-170 



3,647-0 

100-000 


m 
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With the rapid distillation method, a maximum yield of 
gas is obtained, and in this case the process is utilised for 
the manufacture of illuminating gas or for power gas. All 
kinds of waste wood material such as sawdust are turned 
to good account in this way. 
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TESTING OF WOOD PULP FOft MOISTURE 

In the selling and buying of wood pulps the question of 
associated moisture is of obvious importance, regulated by 
convention and by standards, it requires to be controlled 
by actual tests. The mechanical wood pulps are generally 
shipped from the mills in the form of bales containing 
moist pulp on the basis of 50 per cent, air-dry pulp. The 
chemical pulps are shipped usually in bales containing the 
air-dry pulp. 

Disputes frequently arise as to the exact air-dry weight of 
pulp received, the chemical pulps frequently containing 
moisture in excess of the standard, and the mechanical 
pulp also containing a larger amount of moisture than 50 
per cent. 

No satisfactory standard methoif has yet been found for 
the sampling and testing of wood pulp. When the freshly 
made bales are shipped from the pulp mill so that the 
whole of the sheets in the bale are uniform, then it is 
comparatively easy take samples from the bale which 
shall fairly represent the pulp. If, however, the distribu- 
tion of moistufe in the bale has been altered to any extent, 
either by loss in weight owing to the drying of the outer 
sheets and exposed edges of the bale during prolonged 
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storage, or on the other hand if the bales have become 
much heavier by accidental wetting through rain or other 
causes, Hhon the sampling is by no means an easy matter. 

Frequently the water in the halo freezes, and in conse- 
quence of this much of the water is drawn from the interior 
of the 'sheets and deposits itself as a layer of snow or ice 
between the sheets which lie upon one another in the 
bale. 

The bale when opened falls apart most readily just at 
those points where the surface of the sheet is covered with 
ice, and it is almost impo.ssilde under such circumstances 
to take out samples that shall fairly represent the whole 
bale. Even when tliis ice has thawed out sufficiently to 
resume the form of water, it does not distribute itself 
evenly through the pulp for a very long period. 

General Principles , — A certain proportion of the bales 
which form a , consignment are seleclcd for the test. 
Usually 4 per cent, of the number of bales are taken, due 
care being exercised in the selection so that the bales are 
sound, in good condition, and do not exhibit any serious 
deviations in gross weight. 

The selected bales are weighed and sampled. The 
samples as cut are immediately put into bottles, or tins, 
which are sealed up and taken to the laboratory where 
they are dried at a temperature of 100^ C. and the percent- 
age of absolutely dry pulp determined. The weight of 
air-dry pulp is calculated from this £gure on the arbitrary 
basis that 90 parts of absolute dry pulp give 100 parts of 
air-dry pulp. • • 

The analyst gives a certificate in accordance with the 
following schedule : — 
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Wood Pulp Moistuiir Certificate. 


(Form adopted by the British Wood Pulp Association.) 

( 

This is to Certify that I have tested for moisture a 


parcel of 

Pulp, said to consist of hales, marked 

lying at 

The samples were drawn by me on 

IJ.iles. T. Cwt Qrs. Lbs. 

Total gross weight of hales sampled (intact) . 

(/'hr nvmhers and detmUd irpujhtx see helow.') 


Weight of I’arcels calculated from above . 
Percentage of absolutely dry pulp in tho 
sample . . . , 

„ moisture in the sanijde . 

„ ail-dry or moist pulp in the 

parcel on tho basis of 
90=100 (air-dry) . 
45=100 (moist) 

,, excess Moisture, l^hbre . 

Weight of Pulp to be invoiced . . . , 


per cent. 

»♦ 


»> 


T. 


Cwt. Qn. Lbs. 


NUMBEKSANl) DETAIEED WEltillTS OE BALES SAMPLED. 


Analyst. 

DifficiiWcs in Samjjlinf ), — In practice it is found that the 
testing of wood pulp for moisture offers many difficulties. 
The uniformity of the moisture throughout the bale is 
seriously disturbed by the causes already described so that 
not only is it difficult select really representative bales, 
but the work of cutting out samples is also complicated. 

Various methods are employed for taking out samples of 
pulp, and at present thera is no standard meth\}d, although 
Attempts have been madp to establish a uniform system. 
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It is scarcely necessary to enter into any prolongeil 
discussion as to the merits of the various methods each of 
which arv> no doubt correct under certain conditions. With 
pulp that has not been in stock more than throe or four 
weeks any reasonable system would give correct results, but 
the dilliciilty is to find a system which would give correct 
results on freshly made pulp and exactly the same results 
on the pulp after having been in stock several months. 

Probably the system which finds general favour is that 
known as the “wedge” method, in which it is assumed 
that a wedge having its apex at the centre of the sheet of 
pulp and a base of any desired width at the outer edge of 
the sheet of pulp represents the sheet itself, taking the 
correct proportions of the inner and outer sections of the 
sheet. This may be explained by reference to the diagram 
in Fig. 23. 

Let ABCD represent a sheet of air-dry pulp of uniform 
thickness, measuring 24 inches by 18 inches, and divided 
into four equal parts — E, the inside portion; H, the outer 
portion ; and F, G, intermediate portions, thus : — 

S<niaro inches. 

Area E = 12" x 9" = 108-0 

Areas E, F =2 16-975" x 12-73" = 216-0 

Areas E, P, G = 20-785" x 15-585" = 824-0 

Areas E, F, G, H = 24" x 18" = 432-0 

S(iuaro iuuhcs. 

E = 108 
F = 108 
G = 108 
H = 108 

Total = 432 

w.p. 
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• 

The dimensions of the various rectangles are all propor- 
tional, that is, the ratio of the length to the breadth is the 
same iniill cases, viz., 24 to 18. 

A sample from the sheet which shall represent the whole 
is obtained by taking equal areas from each of the pieces 
E, F, G, H ; but in practical testing such a course is 
impossible, as it would necessitate marking the exact 
position of the “lines of separation” before the small 
pieces of equal area could be cut. Another alternative 
would be fo cut a quarter sheet from the whole — an equally 
impracticable scheme. But a wedge gives four equal-sized 
pieces from the four areas E, F, G, II. 

Let such a wedge having a base of, say, 2 inches, be 
drawn as shown in Fig. 23. Let Fig. 28a represent the 
wedge on an enlarged scale, consisting of the four areas c,/, 
g, h. The area of the whole sheet is 24 inches by 18 inches, 
or 432 square inches, and the areas of the wedge is that of a 
triangle whose height is 9 inches and whose base is 2 inches. 

The wedge contains a series of triangles, viz., (1) the 
triangle e ; (2) triangle consisting of pieces ef; (3) triangle 
consisting of c,/, g ; (4) triangle consisting of pieces efgh. 
By calculating the area of^ach triangle the exact size of the 
separate pieces e,/, g, h is found. 

The height and base of each triangle is easily cal- 
culated 

(1) Base of triangle e Height of triangle ef 

Base of triangle (cfgh) Height of tri^gle (efgh) 
Base of e 45 

= — giving 1*0 inches. 

9 


2 
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{2) Base of triangle ef Height of triangle cf 

Base of triangle {efuh) Height of triangle ^efgh) 
Base of ef G*365 

= giving 1*4114 indies. 

2 9 

The other triangles are treated in a similar manner and 
the areas readily calculated. 

(Area of a triangle = ^ base X height.) 

Square Inches. 

Triangle }tc{fe has area ^(2x9) =9 

„ fife „ i (17S15 X 7-7925 = 6-75 

„ fe „ I (1-4144 X 6-3<)5) = 4-50 

„ c „ iilX 4-5) = 2-25 

From the above figures the areas of the pieces e, J, g, h, 
are : — 

Square Inches. 

e = 2*25 

/ = 2*25 

g = 2*25 

h = 2*25 

Hence any sized wedge contains what the pulp maker 
defines as correct proportions of “ inside and outside pulp,” 
at any rate mathematically. 

Absolute Dry and Air -dry Pulp, — The exact air-dry weight 
of pulp is calculated on the basis that 100 parts of air- dry 
pulp consists of 90 parts absolute dry pulp and 10 parts 
of natural moisture. This is an arbitrary figure based 
pn the assumption that air-dry pulp contains 10 per cent, 
of natural moisture. As a matter of fact the air-dry 
weight of pulp varies according to the conditions of the 
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atmosphere, but for trade purposes the arbitrary figure 
selected is convenient. 

In iritlG Siiidall made some experiments with a view 
of determining the influence of the atmospheric moisture 
upon the weight of wood })ulp. Numerous samples were 
exposecfto ordinary atmospheric conditions for nearly two 
years, the samples of pulp l)eing weighed two or three times 
a week and the relative humidity of the air being also noted. 
The following table was compiled as the result of these 
experiments, showing the air-dry weight of the exposed 
puli)s, the actual absolute dry weight of pulp being 88 parts 
in each case. 


Showixo the Vahlvtion of the Wekoit of ruLJ» due to 
Moistuhk in the An?. 


llolativfl Humiility. 
JL 

Mpthaiiical I’ulj). 

Siiljiliatp atuJ Soda 

Siiljiliitt* ]’iit[i. 

.51-4 

Au’iaiiP. 

9{)-0.‘j 

A\ cia^f. 

95-98 

.\\rl iiiO, 

90-58 

fJO'OO 

100-01 

90 12 

90-85 

(),)•;{() 

100-42 

90-91 

97-45 

7T'20 

102-21 

98-00 

99-80 

so-i;j 

102-41 

98-21 

99-80 

S2-l() 

102-78 

98-dl 

99-7 1 

S2-70 

102-08 

98-70 

99-09 

S2-{)U 

102-84 

98-78 

99-80 


]08-5.j* 

98-{»5 

100-50 

s;r9() 

108-17 

98-98 

100-08 

Sj-lO 

108-81 

99-12 

100-00 


10ril8 

100-11 

101-08 

S7-rt0 

lOl-oo 

99-92 

101-01 

S8-24 

104-04 

100-28 

100-9 i 

89-10 

101-08 

100-02 

101-14 

9()‘(K) 

105-40 

100-^0 1 

101-90 

98 00 

100-82 

102-40 i 

108-70 

L ^ 


The exact •relation between the humidity of the air 
and the air-dry weight of wood pulp as determined 
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by these experiments may be expressed in the following 
way 

If the numbers representing humidity form a series in 
arithmetical progression, then the weight of wood pulp • ■ 
corresponding to those numbers produces a series of figures 
in geometrical progression, thus : — 

Humidity = H, II + d, II + 2d, H + 3d, H + 4d, 
Weight = W, Wr, Wr^ Wr^, Wr^ 

Where d = 5, r = 1-28. 

If the results given in the table are plotted in the form 
of a curve, it is possible to correct the errors of observation 
and determine the air-dry weight of pulp for every 5 degrees 
difference in the humidity of the air. 


Showing the YAinATiox of the Weight of I^ulp for each 
6 DEGREES INCREASE IN THE IIUMIDITY OF THE AlR. 



Air-«lry of Pulp. 

Average 


Iluniuhty, 

IJ. 

Moclianical. 

Sulpliato and 
Soda. 

Sulpliite. 

diMcronce 
for 5« H. 

Constant r. 

50 

98-95 

95-90 

96-35 

0-26 


55 

9!P;j0 

90-10 

96-60 

0-33 

1-25 

00 

99-70 

90-;i5 

96-95 

0-42 

1:27 

05 

100-20 

90-65 

97-40 

0-52 

1-24 

70 

100-80 

97-05 

97-95 

0-68 

1-30 

75 

101-00 

97-60 

98-65 

0-82 

1-30 

80 

102-50 

98-60 

99-50 

1-13 

1-35 

85 

10:j-75 

99-35 

100-60 

1-52 

1*34 

90 

105-25 

100-80 

A 

102-20 


Meau=l-28 
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The celluloses and compound celluloses are produced in 
definite and characteristic structural forms, and only in such 
form. By chemical processes such as described in Chapter IL, 
we may convert the original structural celluloses into its 
amorphous or structureless forms by way of solutions of 
derivative compounds. It is clear, however, that questions 
of form and dimensions underlie every technical problem 
involved in the applications of cellulose. 

The following are the dimensions of the more important 
celluloses, considered as ultimate fibres. 



Length of Kibro. 

[ Cotton 

20-40 

Flax 

25-30 

Fine textiles. j 

00—200 

\ Hemp 

15—25 

/ Jute 

1-5-40 

Coarse textiles j ISisal • 

1-5 -00 

and Roue-makina:. ] 1 'hormiiim 

5-0—15-0 

V Pinowoud (Trachoids) 1 -0 — 20-0 

Paper-making Esparto 

0-5— 3-0 


Diamotfir. 
min. — 

„ O'OIO— ()-037 
„ ()*();30 - 0-070 
„ 0-010 -0-0.)0 
„ ()-()‘->0— 0-025 
„ 0015—0-020 
„ 0-010—0-020 
„ 0 015— 0-020 
„ 0-010-0-018 


It is somewhat remarkable that the most important 
cellulose, cotton, occurs and is industrially worked as an 
ultimate fibre or structural unit. 

Incidentally, ft is worthy of mention that cotton is a segd 
hair, and in 'physiological function therefore, being con- 
cerned with a usually perishable tissue, it is not a priori 
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associated with permanence. On the same grounds and 
for the contrary reason we should expect to find in the 
wood substances which have long continuing or perennial 
functions, a chemical constitution implying superior 
stability. The paradox, however, holds that cotton is our 
type of chemically balanced cellulose and of a higher order 
of stability than the wood celluloses. 

To complete this point we must refer the reader to the 
previous section, which deals with the conditions of per- 
manence of the ligno-celluloscs which are natural compound 
forms. We have to remember also that a wood cellulose is 
a residue always of chemical processes. 

As regards structure the woods are highly complex, 
whereas most of the textile fibres mentioned above are 
either bast fibres (bundles) or fibre vascular bundles. In 
the former case, as in flax, rhea, and hemp, the bundle is 
simple. It is more complex in the case of jute (see 
Chap. L), and still more complex in the fibre vascular 
bundles of monocotyledons. 

Esparto is a heterogeneous aggregate as in the case of 
the ^YOods. 

In the more complex structures the celluloses are 
associated with various chemical groups (compound cellu- 
loses), which are attacked and removed by the various treat- 
ments of hydrolysis and oxidation by which the celluloses 
are isolated. For our present purpose we are concerned 
only with the celluleses in the form of ultimate fibres. 
These are the unit elements of structure of the yarns and 
tl^reads which are the basis of textile fabrics. The 
mechanical properties of these, as well as th6 processes by 
which they are mechanically prepared and ultimately spun, 
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are obviously determined by their simpler elements of form — 
that is, their dimensions. 

The Mechanical principles involved in the production of 
fine textile yarns from these discontinuous units, are first, 
the reduction of these to a common untwisted sliver, in 
which •they are parallelised; secondly, the drawing and 
twisting of the fibres composing the sliver in continuous 
length. 

The tensile properties of the resulting yarn depend mainly 
upon the twist, partly upon the adhesion of the more or less 
closely-spun fibres. 

There are numerous variations of the process, such as the 
wet'spinniiig applied to bast fibres and notably llax, the 
passage of the sliver through a bath of warm water facili- 
tating the ultimate subdivision of the bundles of fibres 
in the final drawing and twisting operation. In the 
coarser textiles, such as jute, it is evident that the s[)inning 
unit is an aggregate or bundle of the ultimate filires, which 
are too short (2 to 3 mm.) to admit of manipulation. 

They are worked in lengths, which have reference to the 
conditions of the machinery, most convenient for preparing, 
drawing, and twisting. But it must bo borne in mind as a 
fundamental technical* fact that the ultimate properties of 
the yarn are conditioned primarily by the length of the 
ultimate fibre. This will be evident from the table 
(p. 232), giving the relative strengths of textile yarns in 
terms of actual tenacity and appai^ent elasticity (extensi- 
bility). We have added to the list the new products 
known as artificial silk, or lustracellulose. • This being pre- 
pared from structureless solutions of cellulose derivatives 
may be considered as structureless. In this sense they 
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resemble the true silks which are produced in solution in 
the glands of the silkworm and extruded into the atmo- 
sphere, the worm performing the mechanical operation 
of drawing and laying the threads in the specialised form 
of cocoon. 

The structureless cellulose, in the form of a toead of 
regular dimension, presents to us a case of mechanical pro- 
perties of a substance independently of the grosser structural 
details which characterise the natural cellulose fibres, and 
it will be seen that cellulose admits of very severe treat- 
ment in passing through a cycle of operations and reverting 
to an amorphous substance which retains much of the 
structural properties of the original. 

Eeverting now to the fibrous celluloses, there are certain 
features common to the paper-making and the textile 
industries. Thus, a web of paper and a textile yarn 
may be made from the same raw material, and, more- 
over, have the common characteristic of an agglomerate 
of discontinuous fibrous elements produced in continuous 
length. The strength or cohesion of the two fabrics depends 
in the first place uj^on the surface adhesion of the fibrous 
units, but in the case of the textile yarn this is a much less 
important factor than the “ twist communicated by the 
spinning process. On the other hand the paper web, though 
devoid of twist, presents certain characteristics in the 
opposition and adhesion of its structural units, which makes 
it a more coherent agglomerate than the yarn. Generally 
this is referable to the wet processes of the paper-maker, 
which brings thn colloidal fibre substance iiito a condition 
of hydration or gelatinisation, in which a more intimate 
adhesive contact of the fibre surfaces is determined. The 
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cohesion is augmented by the pressure to which the web is 
subjected Aj’hile still in the wet state and the union of the 
fibre surfaces is finally cemented by the drying or dehydra- 
tion of the web. Conversely, when rc-wetied a paper is 
brought back into approximately the condition of the web 
as first* put together and its cohesion in this state or 
wet-strength, is only a fraction of that of the paper. 
The cohesion of a textile yarn, on the other hand, is 
only slightly affected by wetting, and the effect indeed 
is not necessarily in the direction of diminishing tensile 
strength. 

The main point of contrast between these groat divisions 
of manufactures devoted to the industrial utilisation of the 
vegetable fibres, is the length of the unit fibre, or fraction 
of fibre, in the final state of preiwation of the raw fibrous 
material. Generally, we may say that the limit of economic 
handling in the textile industry is reached with a length of 
fibre of 3 — 5 mm. This inferior limit expresses, on the 
other hand, the outside limit imposed upon the paper- 
maker for the satisfactory working of his wet web upon 
the wire cloth of the machine or hand mould, and for the 
majority of papers a length of 1 — 2 mm. is a working 
optimum. * ^ 

This corresponds with an obvious complementary rela- 
tionship of the two industries, and the paper-maker, up to 
fifty years ago, was practically limited, as to raw material, 
to the wastes of the textile industries 

In later times there have been notable advances in the 
method of worlfing up short fibre wastes the spinner’s 
dry methods,* “ ginning process,” and, by special modifica- 
tions of teasing or carding machines, the utilisation of 
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these short fibres has been carried to extreme limits. As 
a question of cost of production it is found, hojvever, that 
the paper-making process has considerable advantage. The 
problem then arises of converting the continuous length of 
paper into a textile yarn, with the associated (piestion of 
the actual utility of the product. The elementj^ of the 
problem are these: — 

(1) The subdivision of the web of paper into strips of 
suitable dimensions. 

(2) The rolling of those strips continuously into the 
cylindrical form. 

(3) Subjecting the cylindrical length of paper felt " to 
a twisting operation so as to increase its tensile strength 
to a maximum. 

Having by these processes appreciated to a maximum 
the tensile qualities of the fibrous agglomerate, we still 
have to reckon with the intrinsic limitations of quality, 
due to shortness of fibre, on the one hand, and the fact 
that when wetted the product loses its cohesion. 

This is a general and somewhat “theoretical” exime of 
the technical basis of an industrial movement which has 
been in progress since 1891, toward the utilisation of paper 
in the form of a textile. It may be noted that this move- 
ment, though quite new to Europe, is based upon old- 
world practice, for the Japanese have for centuries used 
paper as a basis of string or twine, twisting paper strips of 
convenient width intotthe cylindrical form, and also piecing 
successive lengths to produce a virtually continuous fabric. 
Tl^is, however, ewas a manual operation performed upon the 
finished paper, and the product is only crudely suggestive 
of the pulp yarns which have been evolved through various 
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stages of perfection by the work of European inventors 
bringing to bear upon the problem the resources of modern 
mechaniu^l appliances. 

The develoimient of this industry is mainly due to the 
enterprise of a succession of German inventors, and an 
excellent account of their labours is contained in the 
treatise of Prof. E. Pfuhl, “ Papier stoffgarne (ZellstolTgarne, 
Xylolin, Silvalin, Miella) ihre Ilorstellung, Eigeiischaften 
und Verwendbarkeit,” published by G. TTolllor, Eiga, 
1904. This treatise on “Paper-pulp-yarns, their pre- 
paration, properties and applications,” is a very comi)lete 
technological account of the matter, to which the specialist 
studeht must refer. In the general account which follows 
we have made free use of the matter of the treatise, and 
we acknowledge our indebtedness to the author and 
publisher. 

It appears that the evolution of the industry is set forth 
in the subjoined outline of inventions, as embodied in 
German patents. Practical success is claimed to have been 
achieved by three of these systems, each of which represents 
a consolidation of two or more patented inventions : — 

(a) The system of Claviez & Co. is based upon a finished 
but unsized paper as ^raw material. This is cut into 
fine strips, of a few mm.’s width, each strip being separately 
wound on a bobbin, which is then transferred to a spinning 
or twisting frame. In the form of twist it is subject to a 
rolling process to consolidate the thread, and this treat- 
ment is repeated, after moistening the thread, in a second 
machine, the speed of which is adjusted to prpduce a certain 
drawing effect. 

The spindle designed by Claviez for the spinning or 
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twisting of the paper strips is represented by the accom- 
panying figure (Fig. 24), the spool or reel carrying the 
paper strip of 2 — 3 mm. width is carried on llifj hollow 
brass axis h, which is held in position on the spindle s by 
means of springs. The fliers / rotate in the same direction 
in which the paper strip was wound 
on the spool ; the strip is thus twisted 
and drawn off through rollers under 
suitable tension. The yarns pro- 
duced under this system are known 
as “ Xylolin," and they are stated to 
have firmly established themselves in 
the textile industry, competing chiefly 
with jute yarns. 

A considerable refinement in pro- 
duction has been aimed at in the two 
groups of inventions about to be 

Fio. 24.-Si.indlo for described, for which the starting 
twisting paper-strips, point is not a finished paper, but the 



a carries the con- 
tinuous length of paper 
of 2 — 3 mm. width: 
/ / are the fliers. 

(Claviez & Co., 1). E. P. 
93324.) 


web in the unfinished condition in 
which it is delivered from the press 
rolls of the paper machine. 

(b) The Kellner-Tiirk system is the 


consolidated result of the inventive 


work of the late Carl Kellner, of Hallein — a well-known 
pioneer of the wood pulp industry — and ^of G. Turk, of 
Bad Gastein. The main patents are those of 1891 
(D. K. P. 73601) and 1892 (D. K. P. 79272) and the 
claims are sim^ar, the former indicating the formation of a 
pulp-sliver by taking moist paper strips as delivered from 
a cylinder paper machine, and subjecting them whilst still 
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on the C 3 ’linder wire to a rubbing and rolling treatment by 
which they are rounded and consolidated ; the latter patent 
indicates the same general plan of manufacture, but the 
rolling of the strips takes place after they have left the 
machine wire. The production of the paper or pulp strips 
is not patented. This is effected by the special construction 
of the wire cloth of the paper-making cylinder, which is an 
alteration of impervious brass strips with the ordinary 
60 — 70-inch mesh wire cloth; the pulp is deposited 
on the latter only. These patents were acquired in 1900 
by the Patentspinnerei A.G., in Altdamm, Stettin, in whose 
hands the process was further developed in the direction of 
the Tiirk patent. 

The main feature of the treatment of the strips is the 
process of conversion from the Hat to the cylindrical form, 
under which there is an incidental consolidation of the 
fibrous aggregate. This effect is produced by passing the 
strips through a special apparatus, the principle of which 
may be traced to an invention of 0. Schimmel & Co., 
Chemnitz, described in the German patent 70126, above 
cited. The invention was in its inception applied to the 
“ lap ” of dry-carded short fibre as delivered from a textile 
carding machine. Tlu lap delivered at the full breadth of 
the card is received between a pair of rollers which divide 
it by a peripheral cutting arrangement into narrow strips, 
which pass forward to the rolling apparatus. This consists 
of an upper and under endless band of leather in close 
contact, disposed for motion in the horizontal plane, each 
round a pair of* rollers moving in geared connection. The 
rotation of these rollers carries forward the now diviSed 
strips, but an alternating movement in the direction at 
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right angles is cominunicatod to the leather bands by 
eccentrics, and this movement is in turn communicated to 
the strips as they travel forward, under wdiich' feey are 
continuously rubbed and rolled into cylindrical form. They 



FlO. 2.-, .-Machine for rolling flat strips of proporrd short fibre 
(felivovj. Ihe “ lap is takou from tho card P, sub-divided into 
stnjis in passin- R R, rolled at N N„raiid delivered into cylin- 
drical boxes or cans, T T. (0. Schimmel, D. R. P. 7612i3.) 

are then suitably laid down in receivers, to be transported 
to the spinning or twisting frames (see Fig. ., 25 ). 

On the Kellner-Tiirk system, as applied to the wet pulp 
strips, a similar apparatus and process succeeds the press- 
rolls of the paper machine. The endless, bands of the 
rubbing and condensing rollers are in this ^ase made of 
indiarubber. 
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The third operation, that of spinning or twisting, is 
carried ouj; on the still moist thread. There are various 
devices employed in the textile industry for conferring the 
high degree of twist which characterises the textile yarns 
in their final forms ; the same principles and forms of 
machin(5 are pressed into the service of the paper-[)ulp- 
spinner. The twisting is mostly carried out on “ Kingzwirn- 
maschinen,” ring-spindle machines, i.e., frames carrying 
60 — 70 spindles on the side. In making weft yarns, 
the delivery of the spun yarn is varied so that it may 
he wound directly into cops, or on to tubes placed over 
the spindles. There are two limitations to the elliciency 
of this system ; one is in the mode of making the pulp 
strips on a cylinder machine. The alternative process and 
machine, based on the flat-running Fourdrinior wire, with 
its much higher productive efficiency, is adopted by them 
as the basis of the competing system which we shall next 
describe. The contrast of these two methods of converting 
beaten pulp into paper is well set forth in C. Hof man’s 
Handbuch der Papier/abrikatiouj ed. 1897, page 858. 

^ The second limitation of efficiency — that is, in output and 
therefore economic production — is in the speed of the 
machine and process of rounding and consolidating the 
strips. Taking 12—15 m. per minute as the speed of 
running, a machine of 80 spindles will produce in length 
from 12 X 80 X 60 X 24 = 1,382,400 m. to 15 x 80 X 
60 X 24 = 1,728,000 m. per diem : tlJhse lengths represent 
460 to 576 kilos, of a No. 3 yarn, or 115 to 144 kg. of a 
No. 12 yarn. In actual working, allowance ffas to be made 
for unavoidable breaks and stoppages, and the output is 
taken at 80 per cent, less than these figures. It may be noted 

W.P, Q ' 
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that a beating engine (Hollander) of 160 to 200 kg. 
capacity (dry pulp), dealing with four charges in ^he twenty- 
four hours, would feed two of such special machines. 

In summing up his notice of this system, Prof. Pfuhl 
expresses himself as follows (page 83) It is probable 
that a number of circumstances, in addition to the not very 
satisfactory output of the sliver machine, have contributed 
to the present position (end of 1906) of the system, which 
is that after many years of existence, as indicated by the 
dates of the patents, it remains without industrial extension.” 

In connection with the development of the Kellner-Tiirk 
process, a number of patents have been taken by Lein\yel)er, 
which have been acquired by the Altdamm Company. These 
inventions have reference to details which are found to be 
essential factors of economic production, such as the sub- 
division of the web of pulp into small strips (D.R.P. 140011). 
The mode of distributing these to the further operations 
(140,666) a further patent (140012) has reference to the 
rounding of the strips to a sliver by causing them to pass 
through a funnel, the tube of which is of spiral or other 
special construction, this treatment immediately preceding 
the spinning or twisting. ^ 

System of R. Kron. “ Silvalin ” yarns. 

It will have been evident during this discussion that 
wood-pulp “ spinning ” is a hybrid process : a cross adapta- 
tion of well-known paper making and textile methods to 
the production of a {/articular type of fabric, and involving 
in a very special sense the question of cost of production. 
li may be nlted in illustration of this ’point that while 
papers and staple textiles are produced and sold under a 
very wide range of costs and prices, the new industty in 
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the hybrid products depends mainly upon cost of production. 
The system which consolidates the inventions of Messrs. 
Kron cla?ms important progress in this essential element of 
success. In the first place, tlie production of the original 
pulp-strips is “intensified” by employing the ordimiry 
Fourdrifiier machine at its full width, the web being sub- 
divided into narrow strips by an arrangement for projecting 
jets of water upon the web at such distances that the web 
is divided into 100 — 500 strips per metre. The separation 
of the strips is, however, not thus completed ; they are 
wound up on a roll of the full width, and are afterwards 
separated and detached as discs. It is based upon the 
following patents, of which the subject-matter indiciites the 
essence of the several inventions : — 

I. Main patent (K. 23ii00 vii/TOc). A process for twisting 
or spinning the cellulose (pulp) directly from puli)-rolls. 

(a) Addition-patent L (K. 28887 vii/76c) for winding up 
the wet-web at the breadth of the machine to be after- 
wards divided in pulp-discs of suitable narrow width. 

(b) Addition-patent II. (K. 23920, vii/70c). Improve- 
ments in the manufacture of pulp-rolls in a moist 
but coh3rent state. 

II. Main patent (K.* 25168, vii/76c). Process and 
apparatus for winding up moist strips of paper pulp, etc. 

III. Main patent (K. 25043). Process and apparatus for 

sub-dividing a web of pulp (as on the wet end of a paper 
machine) into strips. • 

IV. Main patent (K. 2G001). Apparatus for direct 
delivery of moist pulp strips. 

V. Main palent (K. 26086). Spinning machine for 
preparation of detachable cops. 

■q\2 
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The succession of operations in the Kron system is as 
follows : — ,j 

1. The formation of the web on the Fourdrinier wire ; 
its sub-division into strips by the impact of jets of water 
for the niimlxu’ of strips required to be formed. 

2. Tile pulji-strips are subjected to the action of press- 
rolls for the f^n*adual removal of water and progressive 
solidification of the fibrous aggregate; it is then further 
dried by heat on a steam-heated cylinder ; and then wound 
up in what is termed a magazine roll, which thus holds a 
series of discs in close contact. These are detached as 
required for the further ojieralion of twisting, and are 
disposed for winding olY in a horizontal or inclined position 
beneath the spindles. 

8. The winding off and twisting involves the passage 
through the machine which is the subject-matter of patent 
No. I {ante) from which the strips are delivered continuously 
to the spindles. These have a speed of 3,000 to 8,000 
revolutions per minute, with the sliver travelling at 8 to 16 
metres per minute, according to the size of the yarn and 
the degree of twist required. 

The following table of results of tests of tenacity and 
“ elasticity ” more particularly illustrates the technical 
features of the wood-pulp “ spinning ” systems : — 



Metrical count. 

Break ill},' atrain 
m tl'i'iris of 
breaking length. 

Extensibility 
per cent 

Silvalin strips (dry)r 

2,891 

2,390 

306 

, , yarn . 

2,900 

4,810 

6-44 

Altdainm (Turk) strips . 

13,153 

4,170 

2-84 

Strips rounded (sliver) . 

8,222 

5,014 

2-24 

M J» M 

8,408 

5 , 18 V 

2-71 

Finished yarn 

12,100 

6,413 

3-06 
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From his extended investigations of these products Prof. 
Pfuhl concludes that this class of yarns made from pure 
wood-celhilbse have a mean breaking length of 5 to 7 km. 
with an extensibility of 6 to 7 per cent. ; and these constants 
define a textile quality sufficiently high for their utilisation 
under th^e ordinary conditions of wearing, both as warp and 
weft. The warps of wood-pulp yarns require no previous 
“ dressing ” or sizing. The finished fabrics, it may be 
mentioned, have about one-half the strength of jute fabrics 
of the same make and \veigbt. In n'gard to the conditions 
of utilisation of sucli fabrics, it is to be noUnl that, when 
wetted, they lose their tensile quality entirely ; and although 
they i^egain their strength in drying, it is evident that the 
defect in question is a serious limitation of their utility. 

(b) Cost of Production of Silvalin Yarns — The estimates 
of Prof. Pfuhl are based upon a daily output of 0,000 kg. 
or 1,800 tons per annum, involving 2,100 spindles running 
eleven hours ; the corresponding production of sliver-strips 
running continuously, he., twenty to twenty-four hours per 
day. In the estimates, the production of a No. 3 (metrical ) 
yarn is considered. The capital outlay is summai ised as 
follows : — 


» 

MiirkH. 

Site and land, 15,000 kr.... 

ir),:m 

Buildings, 2,000 mr., etc. 

71,400 

Machinery and plant 

.S0i),500 

Business capital 

120,800 


523,000 


These represent an annual charge of about 30,000 m. and 
adding salaries the establishment) represents a charge of 
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60,807 m. per annum. Wages are estimated at 60,820 m., 
and coal (at 20 m.) 48,100, adding for lighting, packing, etc., 
41,000 m. The total annual charge is 201,28^01. This 
on the basis above set forth gives a cost of production per 
ton of 111*88 marks. Adding 20 marks for one patent 
licence, we have a total cost of 131*83 marks. Comparing 
these costs with those of spinning jute to yarn of the same 
count, which was estimated at 100 to 120 m. under similar 
conditions, it is seen that they are some 10 to 20 per cent, 
higher. The respective raw materials have now to be 
brought into account, viz., sulphite cellulose at 15 to 18 m. 
per 100 kg., and jute at iJlO to Mi per ton. The final 
comparison is made in the following terms : — 


Marks for 100 kilos. 


Total cost of 
production 


/Jute warp yarn. No. 6... 
I Jute weft yarn. No. 5, 4 
'‘Silvalin yarn, No. 6, 5... 


34 43 

81 39 

28 82 


Physical Properties and Application of Wood-jmlp Yams 
and Fabrics . — It has ali-eady been indicated, and is, in fact, 
more or less self-evident that wood-pulp yarns are limited 
in their utility. In measuring the utility a number of 
general principles have to be taketi into account as well as 
the practices and conventions of the textile industry which 
follow from them. The numerical basis of measurement or 

the “ counts of yarn ” is the relationship, which 

in the textile industry takes a number of conventional forms. 
The trade in coarse yarns which alone com^ into considera- 
tion here, is mainly concerned with flax, heipp and jute or 
bast fibre yarns, and low grades of cottons. Thus we have 
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the English units or yarn numbers for bast fibre yarns = 
the number of leas (of HOO yards) in the pound ; for cottons 
the nun?J)fer of banks (of 810 yards) in the pound. The 
jute trade (Dundee) takes an inverse measure in terms of 
the “ spindle ” of 14,400 yards, tbo number of pounds in 
this ler^th being the yarn number. For wood-pulp yarns 
the simpler metrical numeration obtains, viz., the number 
of metres (unit of length) to the gram (unit of weight). 
The following table, of the metrical \arn numbers nml 
their equivalent in tlio conventional units will be found 
useful. 

Table of equivalent yarn “ numbers ” or 
, length 

description compared with metrical counts. 


Metrical counts : 

(’ottoTl count : 

Fla.\ counts : 

Jute counts 

uietres per 

n. (S lOj yds. 

n. (dUO) y.l.s. 

lie- i)or 

1 p;rin. 

per lb. 

per ib. 

1 IJOUyds. 

1-0 

0-691 .. 

l-bol 

... 29-0 

1-693 .. 

ro 

2-800 

... 17-1 

0-605 .. 

0-357 .. 

1-0 

... 480 

29-0 

. 17-1 

. 48-0 

1-0 


The strength or “ tenacity ” of yarns is determined as a 
breaking-strain, but usually expressed as a breaking-length, 
that is, the length of the breaking-weight of the yarn itself. 
This is comparable at once with the sectional breaking- 
strain usually applied to solid substances. For where L 
expresses breaking-length, s specific gravity, and /i the 
breaking-strain per 1 mm. of sectioifal area, L X s = h\ 
Breaking -Lena th . — It is an expression which eliminates 
two of the three dimensions, that is, it i^ independent of 
the sizes of yarns or threads, as of the thickness or width 
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of fabrics such as paper produced in sheet or weh. It will 
be noted as a conventional expression, but of very great 
“convenience,” and gives a comprehensive or^aij'gregate 
expression of tensile quality, and thus is applicable to the 
most diverse substances and in their most varied form. 

Fracture of a textile yarn or paper is acconipanied 
always by elongation under the strain ; this of course is a 
certain measure of true elasticity. The latter would be 
defined as the amount of extension of which the fabric is 
capable, with the condition of reverting to its former dimen- 
sions when the strain is removed. This quality, however, 
is seldom defined or tested in textile fabrics. 

Extensibility is usually expressed as the total percentage 
elongation sustained at or under the breaking-strain. 

The following table of these quantities applies to the most 
important textiles. 

UroaUinK I.oimtli. 

KilojiiPins. Elnstinly. 

(^otton yarns .. 13—14 3*97 

Kainie yiiMis 11—12 0‘S— 1'8 

Flux varus, wet spinning 12‘4— 19*6 1‘1 — 1‘8 

Flax and tow yarns, dry 
spinning . 11'8— 12'4 2‘5— 3’7 

Jute yarns . 9 9 2‘0 

Lustra folliiloso average . 12'0 2‘0 

Artificial silks, extremes. . 8 0—14 0 7-0— 18'0 
n 

The mechanical properties of papers are expressed in the 
same terms, and it is interesting to compare the range of 
numbers for the highest classes of papers :~ 

Breaking Length. Elongation. 

' Metres. Per cent. 

* Bag papers, Manila papers and 

\^{ood pulp papers (air dry) ... 4,000 — 8,000 ... 3’8 

It is evident from these ^umbers that the shorter units 


Mean avorjiges for 
Commercial < 
Products. I 
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common to papers produce a texture approximating in 
mechanical properties to the lower grades of spun yarn. 

From the precejding cjcjutst' it would appear that inventors 
have endeavoured to overcome th(3 unfitnefcs of paper as 
such for textiles, or weaving uses, hy changing the form and 
usual dimensions of the web of paper. The stages in the 
productions of a cylindrical product or yarn are (1) cutting, 
(2) rolling and (3) subjecting the cylindrical rolled strips to 
a twisting process whilst in a moist condition. The effects 
of these treatments in increasing the solidity and resistance 
of the agglomerates is shown by the following ligiires: — 

hrciiking liCn;;!}!. Eh>ii;^^ntion. 

< kin.^ iN'icciit. 

Plano strips, dried 4*17 ... 2’Hl 

Kolled into cylindrical form ... 5*18 ...» 2*71 

Eolled and twisted ff*ll ... Ij-OG 


The following numbers have reference to wood-pulp yarns 
as industrially prepared : 

Silvalin (Kvon process, 1903 — 4) : 


Mean of 240 tests 

5*498 ... 

6*8 

Maximum observed 

8*314 ... 

10*5 

Minimum observed 

4*10 ... 

2*9 

Altdamm (Tiirk process, 1903 — 4) 
Mean of 90 tests 

6*159 ... 

7*71 

Maximum observed 

7*695 ... 

11*16 

Minimum observed 

3*619 ... 

4*38 

As a chemical individual wood 

cellulose differs hut 

little 

from cotton cellu]ose ; and when only chemical relationships 
are involved, there is an obvious probability of the fornier 


being able to substitute cotton a basis of manufacture^ 
^ Km. is the contraction for kilometre. • 
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For such substitution there is always the inducement of 
relatively low market price. 

SrnciAL Cellulose Tndustuies. 

There are several important industries which have been 
developed upon the characteristic properties of derjyatives 
of cotton c(illulose. 'J’he modern industry of high explosives 
is based upon tlie nitric esters of cotton, which in certain 
cases are associated with the corresponding nitrates of 
glycerine. As shown in Chapter 11. cotton can bo nitrated, 
that is, combiiuid with nitric acid by simple methods and 
without any evident structural change. The nitro-cotton, 
or gun cotton, has the external appearance of ordinary 
cotton, but is harsher to the touch, and the addition of the 
largo weight of 70 or 80 j^er cent, duo to the combination 
with nitrate groups, causes minor structural changes which 
can be well observed under the microscope. 

The properties of gun cotton are primarily those 
associated with rapid or explosive combustion ; combination 
with the nitric groups introduces so much oxygen into the 
molecule that the new compound has all the elements or 
internal conditions for complete combustion, whereas 
ordinary combustion depends upoiifljhe gradual su^Dply from 
without of atmospheric oxygen to the burning body. W'hen 
gun cotton is fired, there is a rapid propagation of the 
combustion, and when this takes placeij in an enclosed 
space detonation occurs, with rupture of any containing 
vessel, due to the enormous development of gas^ at high 
temperature. ^ 

^ The products of explosion of the nitrate are represented by the 
equation 2 O24TI1HO1) (NO.JI)ii ^ 24 CO -f~ 24 COa -f- 1 < ID -f“ 12 HaO 
+ 11 Na and the heat evolyod is 2,200 calories per 1 gramme. 
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The cotton nitrates are soluble in a number of oi-franic 
liquids in wfiicli they swell up and ])ass into bomo^^eiieoiis 
solution j. with limited proportit)!! of sucdi solvents, and 
mechanical means, the fibrous nitrates may be worked up 
into structureless ])lastic masses, which can be di-awn or 
moulded into threads or rods, or rolled into sheet. It is an 
important discovery that ‘^d\c<‘rim^ or nitro-<;Iycerino is a 
solvent of nitrO’Cellulose. Nitro-^l\ c(u*ine resembles nitro- 
cotton in fundamental coml)ustibility, and is similarly a 
liij;!! or blasting explosive, even more pow'erful than nitro- 
cotton, owing to the somewhat higher relative pro[)orti()n 
of oxygen. It sounds like a pa iidox that on bringing tlu^se 
tw'o high e\'j)losi\es together a mixture results which has the 
properties of restrained combustion, or nigulated explosion. 
These bodies worlnal together in suitable proportions pro- 
duce a plastic mass which can be drawn, as above stated, or 
shaped. When flame is communicated, there is ji regulated 
combustion proceeding from the external layers to the 
centre of the mass. Explosives of this order can, in 
fact, be used as propulsive explosives, that is for military 
ammunition; the ordinary forms are cordite, balistite, etc. 

It w'ould appear to he possible to replace cotton for the 
manufacture of nitro-c<ftton by the wood celluloses, but 
there are many reasons, partly of constitution, and partly 
having to do with the external characteristics or fibrous 
forms, which luive prevented this from taking any deep 
root, and we can therefore hardly enter into the specialised 
technology of gun cotton and explosives as a development 
of wood-pulp industry. ^ 

The same .may also be said of the very important 
industry in articles known as ceUuloid, xylonite, etc. This 
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art and industry is based upon the plastic qualities of 
nitro cellulose when treated with suitable solvents, and 
the plastic mass obtained by incorporating t'n^ fibrous 
nitrates with special solvents and completing the mixture 
to a homogeneous mass by means of mechanical appliances, 
can bo shaped into any required form. There are particular 
reasons why this industry also has not availed itself of the 
supplies of wood cellulose of which the market value is 
approximately one-third that of the forms of cotton which 
are ordinarily used. 

These reasons, as previously indicated, are partly in the 
relative inconvenience of handling the short fibres of the 
wood celluloses : and 2>artly from the particular featurns of 
instability characterising compounds which are potentially 
self-destructive. Gun cottons and the lower nitrates of 
cotton are “unstable” as originally produced owing to 
the presence of sulphuric acid residues in combination. 
These are eliminated by exhaustive washings and successive 
boilings with water. When so purified and “sterilised” 
they may bo kept for prolonged periods without change. 

But other celluloses are constitutionally differentiated 
from the normal cotton cellulose, and contain a proportion 
of groups of less intrinsic stabWty : these nitrated to 
the same degree are corresjiondingly less stable, and liable 
to spontaneous decomposition. Hence a lower stability 
of the entire complex and unsuitability for these industrial 
uses. 

Cellulose Acetates . — The highly combustible and explosive 
nature of the cellulose nitrates imports, a considerable 
danger in the manufacture and use of celluloid or xylonite. 
An important use of the nitrates is for the manufacture of 
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photographic films, anti in ordinary use this has not led to 
any serioijs catastrophe. On tlie otlior hand, tlie film 
enudoyec^ to carry the photographic j)ictuie in the kine- 
matograpli, the picture being projected on to a screen by 
means of powerful illuminants, is a combination of risks, 
which lias led to several disasters. It is a well-known 
objective of inventors to discover an tdVicient substitute 
for the nitrate. Cellulose acetate is an esttu* of cellulose 
which is a close analogiui of the nitrate, is also solubhj in 
organic solvents, and may be sliaped in admixture witli 
these in any desired way. The first serious attempts to 
f)ropare the cellulose acetate on the industiial scale date 
from 1890. It was found hy ourselves that certain forms 
of cellulose can be brought iiito reaction with acety biting 
reagents in presence of zinc ac(‘tate, and such process was 
carried out on an industrial scale. 

Furtlier investigations of otlier chemists led to the 
observation that cellulose combines readily with acetic 
anhydride in presence of siiljdiuric acid relatively in 
small quantity, and taking i)art only in determining the 
main reaction. Such a process, the subject of a scries of 
patents by Lederer (see p. 240), has bid to considerable 
economy in the produefion of the acetate, and the matter is 
being industrially developed in one or two countries. The 
acetate film answering all the requirements of photographic 
use is still, ho\^ver, in the embryo stage of development. 

Owing to the simplicity of the reaction and the relative 
inertness of acetyl groups, there is every reason why the 
wood celluloses should answer all requiroments for Jhis 
industry. The reaction is usually carried out with a 
mixture of glacial acetic acid anU acetic anhydride in equal 
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proportions to which the calculated small quantity of 
sulphuric acid is added (Ledcrer); in contact with this 
reactive mixture, the celluloses are gradually ^aiid pro- 
gressively attacked and pass into solution : Low tempera- 
tures only are re(|uired, and 50’^ C. is the general maximum. 
The product is obtained as a highly viscous li(iuid, fnat is, a 
solution of the ester in the excess of the reactive mixture. 
The mixture is treated with water, which pi-ecipitates the 
ester, and, by suitable mechanical means, this is effected in 
a state of minute subdivision of tlui ester, so that it is easily 
washed. When dry it dissolves to briglit solutions in its 
special solvents, which are chloroform, ethylene chlorides, 
acetic acid, phenol, etc. It is to be noted that these 
solvents present difficulties in use, and they are by no 
means so convenient as the solvents used for the nitrates. 
Variations of the process, however, have led to the pro- 
duction of acetates soluble in acetone, a solvent which is 
free from objection in use. 

An important question of cost necessarily enters as 
determining the extent of application of these bodies. 
Owing to the relative high price of acetic anhydride, and 
the necessity of using an excess of reaction mixture, the 
costs of acetate obtained as above described is relatively 
high. In employing solvents, which are lost in the working 
of the acetate to particular forms, the cost is added to. 

Whereas cellulose nitrates can be bought in the open 
market at from Is. t3 2s. per lb., the acetates stand at a 
multiple of these figures, viz., 6s. to 9s, a lb. 

^It is eviderti that such prices exclude applications save 
such as are relatively indepen^dent of cost. ' 

Another point to be noted in connection with these 
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acetates is^that while the reaction is direct, and, in one 
sense, sinjple, there is no douht that tlici use of acid 
catalysts? brings al)Oiit the ))realving down of the cellulose 
aggregate by hydrolytic change, from which results a loss 
of structural properties. Tlie acetates so ju-oduced and 
converted into continuous solids are relatively brittle. 

Processes which overcome these ol*jections d('])(!nd upon 
the use of neutral or saline catalysts, such as zinc chloride. 
These apt^ear to dcterniim; (he ('sler reaction under con- 
ditions \\hich do not involve hydrolysis or, at least, involve 
it to a much less extent. The products of such reactions 
are what may be considered the normal scudes of acetates. 
The reaction of cellulose wit.h acetic anhydiidci in the 
pre sence of zinc chloride as catalyst, and glacial azotic acid 
as diluent can be observed throi^di a remarkable series of 
gradations up to the extreme or maximum point. If cotton 
is used, or more pfirticularly cotton yarn, it is easily seen 
that the lower acetates are formed without any sensible 
modification of the cellulose or yarn. Acetyl groujis may 
be introduced into the cellulose molecule with an increase of 
weight up to ‘20 to 80 per cent., producing an acetylated 
derivative unchanged as to form, showing certain new 
properties in respect of lower attraction for atmospheric 
moisture, and for those colouring matters whicli dye cotton 
directly. When carried to higher stages, the further intro- 
duction of acefyl groups cause a notable swelling of the 
cellulose, and, finally, as the stage o% iri-acetate is reached, 
the product passes into solution. This method of acetyla- 
tion is economfeal by reason of the fact that there is a very 
high utilisation of the acetic anhydride. 

A further point of economy arises in the application of 
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the acetate, since for certain purposes the reaction mixture 
itself can ho emi)loyed. This avoids the process^ of separa- 
tion of the ester, in which the solvent is lost, or diluted 
as to have a much depreciated value; and, moreover, the 
separated ester requires again to be treated with solvents, 
which become an added cost. These difficulties^ which 
appear of small magnitude, have effectually impeded the 
development of the applications of the product. A general 
bibliography on the subject since 1895 will indicate the 
directions in which specialists may inquire for evidence of^ 
the influence of these difficulties on the evolution of this 
cellulose ester. 


Gejveral Bibliography of Cellulose Acetates. 


Original papers. 
Schutzeiiborger and Waudin. 
PVunchirnont. 

Cross ami Bevan. 

1905 Cross, Bevan and Briggs, 
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1906 0.st. 

1907 Berl. and Watson Smith. 
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Knoevenagel. 

1895-1905 Cross and Bevan. 
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1894 Cross and Bevan. 

1900 Lederer. ^ 

I 9 S 2 Landsberg. 

,, Lederer. 

„ Boesh. 
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The derivatives* above described are themselves esters or 
compounds of cellulose and acid groupji, and are treated or 
manipulated as such. Thus, the solutions of both the 
nitrate and acetate can be drawn or spun«to a thread, 
which, when sufficiently fine, is an artificial silk. The 
nitrate is the basis of the earliest, land still very successful^ 


w.p. 


B 
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method of producing these artificial textiles, nitro*cellulose 
is only a stage in a cycle of industrial operations. The 
nitrate is readily denitrated, that is, its nitro groupe may be 
removed with regeneration of cellulose. The earlier forms 
of artificial silks were not so treated, or, at least, only 
partially denitrated, and therefore were necessarily^ highly 
combustible, if not explosive. This property very con- 
siderably prejudiced the earlier attempts at utilising them : 
this form has, however, given way to the denitrated or 
cellulose product, which is now an ordinary staple textile. 
The acetate in the form of thread or artificial silk could be 
used as such, as it is not more combustible than ordinary 
cotton. It is a product, however, that is still only an 
industrial curiosity, and has not taken any prominent 
position, probably owing to the cost of production of the 
original acetate which, for the reasons given, is necessarily 
high. A further difficulty in the same direction is the 
added cost of redissolving the products in solvents, which 
are lost during the spinning process. There appears to be, 
however, a prospect of producing a thread to compete with 
the artificial silks already established, by spinning or draw- 
ing the original reaction mixture in the case of the normal 
series of acetates. * 

We have already described a peculiar compound of cellu- 
lose, which resembles the above in being formed by com- 
bination of cellulose with acid groups ; bht the compound 
is soluble only in << alkaline liquids, and, moreover, is 
unstable, that is, decomposes spontaneously with reforma- 
ti&n of cellulotie. This compound is the ^Ipho-carbonate, 
4>r xanthogenic ester of cqllulose, generally known as 
■''Viscose.” This compound was described briefly in an 
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early chapter, and its capabilities of regeneration in struc- 
tural mod^cations were indicated. Viscose has been used 
in a nuniber of industrial applications, all of which depend 
upon this essential property. (1) In thread or yarn, it is 
an artificial silk. (2) In plane or sheet form it is a 
transparent film. (3) Solidified in masses it is a solid, 
which, when dried, can be shaped or turned in the lathe to 
any required form. The cellulose can also be mixed with 
solid bodies in preparing mixed agglomerates in which the 
^structural qualities of the cellulose as the binding or 
agglomerating medium assert themselves, even when 
diluted with large proportions of foreign inert matters. 
(4) In less definite forms, but exerting the same technical 
effects, viscose is used in sizing paper and textiles, <ind for 
various other applications. 

For the general reasons above stated these industries are 
not necessarily connected with wood pulps, since they are 
more generally applications of cellulose. As a matter of 
fact, however, the wood pulps are a most convenient form 
of cellulose for the manufacture of viscose, and we may 
therefore give a few particulars in elucidation of these 
newer developments. 

The first stage in the ^viscose process” is the conversion 
of the cellulose into alkali cellulose by treatment with 
caustic soda solution at mercerising strength (15'0— 20'0 
per cent. NaOH).* 

The limits of composition of this product are 

, Per cent. 

Cellulose *. . . . . 2S^30 

Caustic soda (NaOH) , . . 12*5—16 

Water 62*6—66 
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There are two methods of treating the wood pulp (cellu- 
lose) with the alkaline lye. The first is to reducp the wood 
pulp in a kollergang with sufficient water to bring fibout the 
disintegration of the sheets, and then add the calculated 
quantity of caustic soda dissolved in such a quantity of 
water as to produce a mixture of the above composivion. 

The second method is to steep the sheets in expess of a 
lye of 17*5 per cent. NaOH, lift, drain from the excess, 
press to a calculated weight, and then grind in a kollergang 
or mixer to secure even incorporation of the mercerising^ 
reagent with the cellulose. 

The alkali-cellulose is a voluminous semi-dry mass 
resembling bread-crumbs in appearance. It can be stored 
in masses without change of composition by drainage. 

The alkali-cellulose is protected during storage from 
access of atmospheric air — that is from the action of 
atmospheric carbonic acid. 

The second stage in the process is the reaction of the 
alkali-cellulose with carbon bisulphide. This takes place 
spontaneously at ordinary temperature. It is important to 
carry out the reaction in a closed vessel to prevent loss of 
the very volatile bisulphide. The vessel ordinarily used is 
of the form and construction of a churn. In dealing with 
large masses it is found of advantage to replace the simple 
barrel or cylinder by a vessel of hexagonal or octagonal 
form. The charge of alkali-cellulose hdVing been intro- 
duced, the quantity af bisulphide is poured upon the mass, 
the vessel closed at the man-hole and slowly rotated, to 
secure even admixture and distribution of the contents. 

The reaction is attended wjth a rise of temperature of 3 
to 7^ G. according to the ihass, initial temperature and other 
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conditions of reaction. The mass changes in colour to 
yellow, ai^d the action is arrested at the n/oment that it 
begins td lose its voluminous free condition. 

The completed product tends to agglomerate, and for the 
purpose of making a solution it is important that this should 
be stirred into water before the stage of agglomeration is 
reached. 

There are in fact two ways of working up the xanthate: 
the first is by the action of water to a solution of 10 to 12 
^per cent, cellulose strength, the second, the agglomeration 
is completed by the action of heavy masticating rollers, 
such as are used in the manipulation of indiarubber. 

The latter method is, however, only used in connection 
with the making of solids which are shaped into cylindrical 
form as a stage in the preparation of the solids known as 
viscoid or viscolith. 

The viscose solution is the starting point for the prepara- 
tion of artificial silk. For this industry the crude solution 
is subjected to filtration which requires to be of a very 
searching kind. In spinning or drawing the silk the 
solution has to pass through orifices of fine dimensions, 0*1 
to 0‘15 of a millimetre, and hence it is important to 
eliminate all residues of^insoluble matter. 

The xanthate or soda salt of cellulose xanthogenic acid is 
the basis of viscose. It is accompanied by by-products of 
the original reaction and moreover, as it tends to spon- 
taneous decomposition by interaction /}f the alkali with the 
sulpho-carbonic residues in combination with the cellulose, 
there is an accutnulation of these by-producta at the expepse 
of the xanthates, which hold a steadily diminishing pro- 
portion of the characteristic gi^up. The spontaneously 
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diminishing ratio of these groups to the cellulose is attended 
by diminishing solubility of the cellulose complej^. 

Further, the by-products are soda salts of the carlf6nic and 
sulpho-carbonic series, and are precipitants of the •cellulose 
compound. In both directions therefore there is a tendency 
for the viscose to revert to the solid sta'e. ' 

A solidified viscose is a coagulated xanthate, and may be 
washed in water, and then redissolved in caustic soda 
solution. 

The final stage in the reversion is cellulose itself, which 
is reached only after prolonged periods at ordinary tempera- 
tures. 

These phenomena are made use of in several of the 
applications of viscose, as in the engine sizing of paper 
and the sizing and finishing of textiles. The decomposition 
is hastened by the interaction of the soda salts with salts 
of zinc or magnesia, and these are employed in the process 
of paper sizing. 

Another characteristic decomposition is that determined 
by salts of ammonia. Viscose in contact with sulphate of 
ammonia in solution interacts quantitatively ; the soda is 
converted into sulphate and is replaced by ammonia (base) 
in both the by-products and the xanthate. These ammonia 
compounds are extremely unstable, and therefore there is a 
very rapid decomposition of the xanthate to cellulose 
(hydrate). This reaction is the basis of orie of the methods 
of .spinning or drawing to artificial silk. 

Another method which also fulfils requirements of the 
spinning process, is that of treatment with acids, which 
bring about a still more rapid ^decomposition.* 

Notwithstanding the f-apidity of action the cellulose 
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hydrate adapts itself perfectly, and shows the same con- 
tinuity of, substance and resistant quality asV the case of 
the salille baths. 

In regard to mechanical methods, these are two, in 
principle and detail. 1. The solution is projected from a 
fine gldss tube : each individual thread is thus formed apart» 
and a certain number of those are united into a compound 
thread by passing through a glass loop in the coagulating 
or decomposing bath. 

I The compound thread with its 14 to 18 elements is 
manipulated in the untwisted state, in the first instance ; at 
a later stage, as a special operation, it receives the twist of 
100 to 200 per metre. 

An ingenious method of combining those operations is 
the centrifugal spinning box of Steam and Topham. 

This is a box of special construction rotating at a high 
rate of speed on a vertical axis. In this case the compound 
thread is directly produced in the coagulating bath by 
projecting the viscose through a plane cap or nozzle of 
platinum perforated with 14 to 18 holes. Each hole con- 
tributes a thread, and these are drawn forward in the 
coagulating bath as a compound thread, which ascends and 
is taken vertically up and down over a glass roller to fall 
into a funnel which communicates with the rotating box. 
The centrifugal motion has the effect of drawing the thread 
forward, twistiifg it, and laying it peripherally in the box 
as a hollow or annular cocoon. ^ 

The hydrated thread in this “cake” form is removed 
from the box at intervals, re-wound into skeins and further 
manipulated for purification of the cellulose. 

The industrial applications of»viscose necessarily involve 
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a multiplicity of detail both chemical and mechanical. 
Chemically, tfte product is difficult to handle by^reason of 
its alkalinity and the large proportion of derivative sulphur 
containing groups which are characteristic of th» product 
and by-products. 

When these are decomposed, the products aa.'e sul- 
phuretted hydrogen and other odorous derivatives. 

When the decomposition takes place spontaneously, the 
alkaline reaction being maintained, the products are carbon 
bisulphide and traces of other sulphur derivatives. 

The mechanical difficulties of handling viscose are largely 
a question of materials, that is, of materials having the 
power of resisting the attack of the associated products 
whether jn the original condition or under the condition of 
decomposition by the reagents above indicated. 

It would be outside the scope of this work to deal with 
these matters in detail. 

A large number of inventions dealing with these methods 
and details have grouped themselves around the original 
invention, which dates from 1892. These inventions and 
developments are so numerous that they form the subject 
of a monograph of 127 pages, with 88 pages additional, 
devoted to the patent literature. We give the title of this 
work in full: “Die Viscose — ihre Herstellung, Eigen- 
Bchaften, and Anwendung,” von Dr. B. M. Margosches in 
Brunn. Leipzig. L. A. Elepzig. * 

Xhis monograph is extensive, and in fact complete, and 
i it is therefore unnecessary to duplicate this contribution to 
tecl^nical literature. 

In the course of discussions in this and preceding sections, 
we have not dealt directly Mrith the commercial aspects of 
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the wood pulp industries nor with the subject of their 
money or selling values. These involve questions of minute 
detail, a special aspect of these industries outside the 
scope of the present work. 

But we may deal in a very broad and general way with 
these values, as an illustration of an important principle of 
technology, that is, the appreciation of value of a raw 
material worked up by the agencies of chemical reagents, 
coal and steam, and manual labour, into a finished 
^manufactured product. 

The German language, we may note in passing, provides 
the apt term “ vered(e)lung ” which means literally 
^‘ennobling,” for this process of adding value to raw 
material's and the special term connotes the general idea and 
aim of manufacturing industry. We have to borrow a 
Latin equivalent, and this suggests that the idea of 

appreciation ” is somewhat of an exotic. 

However the associated ideas may be expressed and 
assimilated the facts are equally striking and interesting, 
and in the case of the cellulose industries they may be stated 
in the form of an ascending scale of related values as 
follows: — 

£ 5 . d. 

(a) 1 cubic metre of wood weighs 400 — 500 kilos. 

and is worth in the forest, say . .030 

(b) Used as fuek it has a “ burning’' value, say 0 6 0 

(c) As mechanical wood pulp it is worth, say . 0 7^6 

<d) Treated by the bisulphite or alkali process 

it would Jfield 150 kilos, of pulp, say , , 0 15^ 0 

<e) Transformed into paper the pulp or cellulose’ 
is worth, say . . ^ > 


1 15 0 
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£ 8 , 

(f) TransforiKed into wood pulp yarn, it is 

worth, say ',250 

(g) Transformed into artificial silk or lustra 

cellulose, it is worth, say ^ . . . 7 IG 0- 

These figures cannot be stated more exactly, 4hat is, 
represent actual selling values ; but fractional variations 
would not affect the general scale of values which mounts in 
multiples from 1 to 50. Specialists are aware that these 
achievements in “veredlung” by no means exhaust the^ 
possibilities of cellulose technology and industry. 

* This interesting industrial record wo owe to Dr. 0. Witt and Max 
Muller. 




CHAPTER XI 

j 

SPECIMEN PAGES — VARIOUS TYPES OF PAPER 

In the first edition of this book specimen sheets of paper 
selected as types were presented with a description of their 
(jjiaracteristics. The selection was desi^^ned to bring out tlie 
position of wood pulps in their various forms as suitable 
paper-making raw material. 

In establishing this position there have been, of course, 
the two elements of competition : first, technical effect ; 
and second, cost. 

As a result of the competition, the wood pulps have 
largely displaced cotton, jute and esparto. The general 
result of their introduction has been to cheapen production, 
with no sensible lowering of general quality. 

It is unnecessary again to point out that ground wood or 
“ mechanical ” wood pulp has many undesirable character- 
istics, and, of course, it is rigidly excluded from papers for 
documents of permanent value. 

But even this “Cinderella” fibre has proved of great 
practical importance and utility, in enabling papers to 
be produced at afcost commensurate with the enormous 
demand for cheap publications. ^ , 

A careful comparison of the specification of the charac- 
fceristics of each llj^pe of paper will show that viood pulp has 
nndicaiied its present position in respect of many of its 
physical properties. 
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CHARACTi:ai9TTCS, 

\ 

Number of Specimen Paper 

1. 

t 

2. 

< 3. 

€ 

Trade Description - 

Heavy 

Imitation Art. 

High Class Rag. 

• Silfphite 
Prinring. 

Supplied by - 

Spalding & 
Hodge. 

Wiggins, Teape 
& Co. 

Lepard & Smiths 

Price per Ib. in 1011 

2%d. 

73d. 

• 2ld. 

Weij^ht of Ream, Demv 

46 lbs. 

26 lbs. 

21 lbs. 

17J ins. X 22jins., 480 
sheets. 




Grammes per sq. metre - 

171*1 gms. 

06*7 gms. 

78*1 gms. 

Thickness, si ngic sheet, ins. 

•0068 

•0042 

•0033 

t, M „ m.m. 

•147 

•107 

•084 

Strength, tensile, on strips 

lbs. kilos. 

lbs. kilos. 

lbs. kilog#^ 

16 m.m. wide — 



Machine direction 

14-1 — 

18*7 — 

7-4 — 

Cross direction - 

O*.-) — 

12*1 — 

2-5 — 

Mean strength 

11*7 = 6-32 

16*4 = 7-03 

5-0 = 2*27 

Breaking length, yards • 

2,209 yds. 

5,287 

2,125 

,, • ,. metres - 

Breaking weight per sq. 

2,073 metres 

4,830 

1,938 

2,413 gms. 

4,379 gms. 

1,800 gms. 

m.m. of sectional area. 
Loss of strengtli duo to 



folding « 4 times 

51-3% 

6*8% 

34*0% 

12 times 

66*0% 

13*6 % 

40*0% 

Bursting Strain- 

Lbs, per sq. inch 

24-0 lbs. 

46*6 lbs. 

H^6 lbs. 

Grammes per sq. cm. 

1,687 gms. 

3,200 gms. 

668 gms. 

Sizing— 


Percentage of gelatine 

— 

4-16 % 

— 

Ash — Percentage loading 

30*4% 

2-0 % 

22-0% 

Piuro.iB Composition — 

Esparto - 

80% 

— 

— 

Sulphite Wood 

20% 

— 

100% 

Meclianioal 


— 

— 

Cotton - 



^ 100% 


Volume Composition — 



Gms. per o.c.. Paper - 

M63 

•904 

•929 

Fibre • 

•809 

•844 

•726 

Ash 

•354 

•023 

■204 

Gelatine 

Percentage Composition 

— 

•037 

t 

— 

by volume— Fibre 

63-9 

56-3 

48-3 

Ash 

14-2 

0*9 

8-2 

Air space 

» 31*9 

40*1 

43-5 

Gelatine* 

“ 

2-7 

t! 
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ChARACTKRIST’jCS. 

Number of SpeciiJcn Paper 

4. 

6. 

0. 

Trade D|BcriptA)n - 

Imitation Art. 

Esparto Printing. 

High Class Art. 

Supplied bv - 

Lepard & Smiths 

Lepard & Smiths 

C. Morgan A Co. 

Price per lb. m 1911 

2ed. 

22rf. 

Price on 
ap|)licatlon. 

Wcicht of Ream. Demy 

22 lbs. 

22 lbs. 

41 lbs. 

17Jinfl. X 2211118., 480 
sheets. 




Grammes per sq. metre - 

81 ‘8 gms. 

81*8 gms. 

152 '5 gma. 

Thickness, single sheet, ins. 

•0030 

•0034 

•00')2 


•076 

•086 

•132 

^ M •» 1. 

length, tensile, on stn pa 

lbs. kilos. 

lbs. kilos. 

lbs. kilos. 

16 m.m. wide — 




Machine direction 

9-4 — 

9-5 — 

13-8 — 

Cross direction • 

4-7 — 

6-3 — 

'1'A — 

Mean strength • 

7-1 = 3-23 

7-4 = 3-37 

10-6 = 4-86 

Breaking length, yards • 

2,880 

3,002 

2,306 

,, ,, metres - 

Breaking weight per sq. 

2,633 

2,74r) 

2,114 

2,834 gms. 

2,613 gms. 

2,438 gms. 

m.m. of sectional area. 
Loss of strength duo to 


49*1 % 

folding • 4 times 

64-0 % 

32-4 % 

12 limes 

60-0 % 

44-6 % 

63-2 % 

Bursting Strain — 

23-3 lbs. 

Lbs. per sq. inch 

16-1 lbs. 

17-2 lbs. 

Grammes per sq. cm. 

1,056 gms. 

1,198 gms. 

1,638 gms. 

Sizing- 


5-43 % 

Percentage of gelatine 



— 

Ash — Percentage loading 

24-2 % 

17-0% 

29-0 

Fibrous Composition — 


45% 

Esparto 

90% 

80% 

Sulphite Wood 

10% 

20% 

66% 

Mechanical 


— 

Cotton 

% 

— 

— 

Volume Composition — 



M62 

Gms.perc.c., Paper 

1076 

•062 

Fibre 

■816 

•790 

•765 

Ash 

•260 

162 

*3,14 

Gelatine - 


— 

•063 

Percentage Coi^ositfbn 



60-3 

by volume — Fibre - 

54 <4 

62-7 

Ash 

10-4 

6-5 

13^4 

Air space 

35-2 

46-8 

31*6 

Gelatine - 

% 

— 


4*7 
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ClIARACTlil^ISTICS. 




N’limbc'rof Sppcimen Papoi 

7. 

8. 

‘ 9. 

t 

Trade DoHcription - 

Common Art. 

Common News. 

High Cfass News. 

Supplied by - 

Lopard & Smiths 

C. Morgan & Co. 

C. Morgan & Co. 

Price per lb. in 191 1 

2fd. 

Price on 

'Price on 

Woijrht of Ream. Demy 

38 lbs. 

application. 

14 lbs. 

application. 

18 lbs. 

I7( ins. X 22^ ins., 480 
sheets. 




Grammes per sq, metre - 

]4I‘4gms. 

62* 1 gms. 

67-0 gms. 

Thickness, single sheet, ins. 

•0063 

•0041 

■0045 

!• ,f „ m.m. 

Strength, tensile, on strips 

•1.35 

•104 

•114 

lbs. kilos. 

lbs. kilos. 

lbs. kilos. 

16 m.m. wide — 



Maehine direction 

11-8 — 

6-6 — 

6’ 3 

Cross direction - 

4-8 - 

2-4 — 

41 — 

Mean strength - 

8-3 - 3^76 

4-0 ^ 1’81 

6-2 = 2*30 

Breaking length, yards - 

1,060 

2,650 

2,678 

t, « „ metres • 

Breaking weight per aq. 
m. m of sectional area. 

1,778 

2,324 

2,350 

1,868 grns. 

1,161 gms. 

1,378 gms. 

Loss of strength due to 




folding • 4 times 

41-0% 

10 0% 

16-4 % 

12 times 

48-2 % 

20 0 % 

19*2 i 

Bursting Strain — 


Lbs. per sq. inch 

18- 2 lbs. 

8-1 lbs. 

11 -4 lbs. 

Grammes persq. cm. 
Sizing— 

1,276 gni -. 

569 gms. 

808 gms. 

Percentage of gelatine 

3-88 % 





Ash — Percentage loading 
Fibrous Composition — 

28-3 % 

4-2% 

3*3% 

Esparto 

— 





Sulphite Wood 

90% 

10 % 

80 % 

Mechanical 

Cotton 

10% 

, 90% 

20% 

Volume Composition — 




Gms.perc.c., Paper 

1-047 

•600 

•687 

Fibre 

•710 

•479 

•668 

Ash 

•296 

•021 

•010 

Gelatine • 

•041 




Poroentago Composition 




by volume— Fibre - 

47-3 

31-9 

37-9 

Ash 

11-8 

0-84 

0-8 

Air space 

< 37-9 

07-3 

61-3 

Gelatine- 

30 
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CnARACTFHISTlC.s. 

Nu^iibor of Specimen Paper 

k . 

10. 

L 

Tjade Di'scnptioii - 

I'ulking Antique 
Wove Piinting. 
C. Morgan A Co. 

Cartridgi*. 

Supplied by - 

Lepard k Smitbs 

jPrice per lb. in lyil 

1*1 ice op 

2id. 

Wei£»lit of Ream. Demy 

apiiheation. 

18 lbs. 

2!) lbs. 

17i ina. x 22^ ina., 480 
s beets. 



Crammes per aq. metre « 

07 0 gins. 

107 *9 srms. 

Thickness, single sheet, ina. 

•nuuti 

0055 

II II II m.m. 


•no 

Strengtli, tensile, on strips 

1 lbs. kilos. 

Ib^. kilos. 

15 m.m. wide — 



Machine direction 

1 7*7 — 

; 1 45 — 

Cross direction - 

4-2 

1 5 8 - 

Mean strength 

6 0 - 2*72 

10-2 = 4 03 

Breaking length, yards - 

2,07:. 1 

3,139 

II metres - 

Breaking weight per sq. 

2,710 

2,805 

1,081 gms. 1 

2,207 gms. 

m.m. of sectional area. 
Loss of stri'iigth due to 

folding - 4 times 


30 1 % 

12 times 

41-7 

40-2 % 

Bursting Strain — 


Lbs. per sq. inch 

llPllb.. 

]9-8lb?. 

Grammes persq. cm. 

914 gms. 

1,391 gms. 

Sizing — 

Perecn tage of gelatine 

— 

_ 

Ash — Percentage loading 

7-6% 

9-5 % 

Fibrous Composition — 

Esparto 

9!) % 



Sulphite Wood 

0% 

99% 

Mechanical 


1 % 

Cotton ^ 

_ 


Volume Composition — 



Gms. per O.C., Paper 

•400 

•771 

Fibre 

-370 

•698 

Ash 

•030 

•073 

Gelatine 

— 



Pereentagg Composition 



by volume— Fibre 

24-7 

46 6 

Ash 

1-2 

2 9 

Air space 

■ 74-1 j 

60-0 

Gelatine* 


— 
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wood papers, 136 — 140 
Composition of sulphate liquor, 
140 

waste sulphite 
liquor, 124 
Compound celluloses, 
Concentrator, 148 
Conducting tissue, 13 
Constitutior^ of cellulose, 46 
Cork, 15 
Cortex, 15 


Cost of afforestation, 83 
Couch roll, 187 ,, 

Cross and Bevan, 41,, 
Crystalloids, 83 


D. 

Denitration*’ of cellulose, 242 
Densities of various woods, 25 
Destructive distillation, 54, 202 
Dextion, 126 

Dicotyledonous stem structure, 
18 

Dimethylparaphenylene diamine, 
70, 114 

Dorenfeldt, 126 


E. 

Economical bleaching conditions, 
144 

Eibel system, 188 
Ekman and Fry, 94 
Elasticity, 40 
Electrical units, 163 — 165 
Electrolytes, 34, 165 
Electrolytic bleaching, 163 
Epidermis, 16 
Exogenous stem, 19 
Explosives, 289 
Extensibility, 40 


F. 

Felting, 187 

Ferments, action upon cellulose^ 
58 

^ , Fern, structural features, ® 

* Ferric ferrievanide, 68. 114 



INDEX 


261 


Fibres, 11 

length of various, 215 
Films, 43 • 

photo^aphic, 237 
Forestf*y, 7^ 

Fossil resins, 75 
Fourdrinier paper machine, 1S7 
Furfural;* 65, 61 

G. 

Gelatine, 83 
Ginning process, 219 
Grain, 22 
Grinder, 98 
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